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PREFACE. 



TN this volume I have attempted to give the principal 
-*- facts and conclusions of Zoogeography, without an 
undue profusion of detail. A few examples only have 
been selected to illustrate the principles. As far as 
possible I have endeavoured to use instances that have 
not been made use of by Mr Wallace in his two works 
upon this subject. I have taken Kerguelen Island, and 
Fernando Noronha as examples of oceanic islands; the 
facts of distribution and the inferences to be drawn are 
illustrated largely by the earthworms; and in other 
places I have availed myself of some of the more recent 
sources of information. Naturally a large portion of this 
book, as must be the case with any book upon Geographical 
Distribution, is based upon the two indispensable treatises 
of Mr Wallace. I have also found great assistance in 
Prof. Heilprin's work upon Distribution in the Inter- 
national Scientific Series, and in an excellent manual 
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upon the same subject by M. Trouessart ; I have checked 
and added to the facts that I had accumulated by a careful 
comparison of them with the article Geographical Dis- 
tribution in Prof. Newton's Dictionary of Birds. Numerous 
special memoirs have also been laid under contribution, 
a reference to which will be found in the pi'oper place. 

FRANK E. BEDDARD. 



London. 

November^ 1894. 
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CHAPTER I. 

THE GENERAL FACTS OF THE DISTRIBUTION OF ANIMALS. 

Introductory. 

The entire world both land and sea supports every- 
where animal life. The extreme cold of the arctic regions 
is not too intense to permit of the existence of at least a 
few forms of life, while the warmer regions of the globe 
have everywhere an abundant fauna, which increases 
towards the tropics ; it is even probable that the icebound 
antarctic continent, if it could be explored, would be found 
to possess some inhabitants. 

The most elementary knowledge of Zoology is sufficient 
to enable us to see that, while terrestrial life is as 
abundant as marine, the kinds of animals inhabiting these 
diverse situations are different. We can distinguish in 
fact between purely terrestrial and purely aquatic animals. 
The latter group can be again divided into two great 
classes, those which inhabit the sea and those which 
inhabit the fresh waters of the land. There is however 
no absolute break between these various groups. The 

B. Z. 1 




2 TERRESTRIAL *AND AQUATIC ANIMALS. [CH. I 

fresh waters themselves gradually pass into salt at the 
mouths of rivers ; while a marsh, particularly one that is 
subject to periodical drjring up, is to some extent inter- 
mediate between the land and the water. 

Corresponding to this absence of hard and &st lines in 
inorganic nature we find a similar absence of definiteness 
in the animals which frequent the waters, the dry land, 
and the transitional areas. The duck tribe are equally at 
home when swimming in a lake and when flying from one 
pool to another. There are even ducks which perch on 
trees. Closely allied Crustacea may be marine, estuarine, 
fresh water or texrestrial in habit Certain sharks, nor- 
mally* marine, ascend rivers for some distance, and the 
Manatee of the west coast of Africa and the east coast of 
America is quite as much at home when browsing upon 
the marine algae of the coasts of those continents as when 
living in their rivers. Though we may broadly separate 
animals into terrestrial and aquatic, there is no large 
group of animals which is exclusively terrestrial. Even 
insects which approach nearest to this condition have 
plenty of aquatic representatives ; there is even a peculiar 
genus of bugs, Halobates, which inhabits the open sea far 
from land. 

On the other hand, there are groups which are purely 
aquatic, and even some which are only marine, being never 
found in fresh water ; but these are few. Among Verte- 
brates fishes are the only group which can be said to be 
almost absolutely aquatic; and here too there are some 
slight exceptions. The well-known Climbing Perch, Anabas 
scandens, can with impunity leave the streams which it 
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inhabits ; the mud fish of Africa and America has lungs 
as well as gills^ and can suffer with equanimity the drying 
up of the rivers in which it lives. Eels are said to move 
from one pool to another across the intervening grass. 
The curious little fish PeriophthcUmus voluntarily leaves 
the sea and hops along its margin on the look-out for the 
Mollusc Onckidiwm upon which it largely feeds. Among 
Invertebrates there are more purely aquatic groups ; and 
these are exclusively marine. No Ascidian, no starfish, 
brittle star, sea urchin, or sea lily has as yet been met 
with except in the sea. Sponges and Coelenterates are 
without exception aquatic and for the most part marine, 
their delicate organisation not being able to withstand 
continued dryness. But these are positively the only large 
groups which are purely aquatic. Many others are prin- 
cipally aquatic, such as the Flat worms, with terrestrial 
allies in the land Planarians, the Crustacea, the Annelids 
and some others. 

Not only C€m we draw these broad distinctions between 
the habitats of different animals, finding one to be terres- 
trial, another aquatic and a third amphibious ; we can also 
assign to each a definite place upon the land or in the 
waters. The Indian Ocean is frequented by creatures 
which are unknown in the colder waters of the North Sea ; 
the Mississippi has alligators which the Thames, for ex- 
ample, has not. It is a matter of common knowledge that 
the tiger is restricted to Asia and the puma to South and 
certain parts of North America ; the elephant is unknown 
beyond the old world, and it has even there a limited area 
of range. It would be as surprising to meet with an 

1—2 



4 DISTRIBUTION OF LAND ANIMALS. [CH. I 

elephant even in the most secluded of Brazilian forests as 
to meet with a tiger genuinely at home in ^the neighbour- 
hood of a peaceful English village. 

That branch of Biology which is termed Geographical 
Distribution, or, when applied to either animals or plants 
only, Zoogeography and Phytogeography, is concerned 
with &cts such as the above ; it has also to do with the 
solution or attempted solution of the various problems to 
which these facts give rise. The science is not limited to 
a consideration of the animals which inhabit dry land. 
But this volume will only deal with those forms, touching 
incidentally upon some of the fresh water species, whose 
distribution is apparently governed by the same laws as 
those which govern the distribution of the purely terres- 
trial animals. 

We shall now commence our survey of the chief facts 
in the distribution of land animals. It has been said that 
every animal has its place in the world, which may be 
wider or narrower. The country which is inhabited by a 
given animal is called its area of distribution, its habitat 
or locality. The converse follows that every tract of the 
earth's surface is inhabited each by its peculiar set of 
animals. But they are not met with everywhere in that 
area. Almost every year a new volume is published 
giving a list of the birds of a particular county or it may 
be district; anyone who will take the trouble to inspect 
and compare a series of these volumes dealing with many 
diflferent counties will be struck by the fact that a given 
species of bird may be absent from one list or stated to be 
uncommon, while numerous records of its discovery will be 
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found in another. The same thing holds true of other 
groups ; the badger, for example, will be found in one wood 
but will be absent from another; nevertheless generally 
speaking this animal may be said to inhabit the greater 
part of England, not to mention foreign regions in which 
it is also found. Were we to put together all that has 
been recorded of the range of this or any other animal 
and colour a map of England in correspondence with those 
facts, we should find that a large map would be coloured 
by a series of closely set but separate patches of colour ; 
on the other hand a small map would practically have to 
be coloured all over to indicate the range of the animal. 
The reason for this is that the badger can only live in 
certain kinds of country. It is not at home for instance 
in bare chalky downs or on the tops of high mountains ; it 
prefers woods and the immediate neighbourhood of woods. 

Locality and Station. 

I 

We must carefully distinguish between locality and 
station. While the area inhabited by a species is usually 
continuous, it by no means always happens that the station 
consists of one continuous tract. Animals inhabiting 
forests or moorland or pools are only found where the 
suitable circumstances occur. But in such instances the 
habitat of the animal may be wide, only broken up into a 
series of stations. We should not regard a case of this 
kind as one of discontinuous distribution. Often however 
the local phenomena of distribution have not so clear an 
interpretation. Every entomologist is aware of the often 
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capricious occurrence of butterflies and moths ; we do not 
now refer to marsh-loving or wood-loving species or to any 
intelligible restriction of this kind. Out of a dozen fields, 
to the eje equally well suited for the maintenance of a 
given species of moth, in which for instance the food plant 
is equally abundant, two or three or it may be only one 
will be inhabited by the insect in question, which will 
there perhaps swann. Some years since a small moth was 
found at Folkestone only in a particular tract of grass 
with no obvious advantages — indeed the reverse, as it was 
scanty and trodden under the feet of passers by — to the 
exclusion of neighbouring grassy areas ; this insect, known 
as Tapinostola bondii, was abundant in this particular 
locality but nowhere else in the neighbourhood. In every 
local fannal list such and such a wood or field is given as 
the locality for a particular insect, which would be equally 
at home in other woods and fields, but is not as a matter 
of fact found in them. To get the particular insect we 
have perhaps to journey to another county or even to 
another part of England; possibly a particular wood is 
the only part of England where it is to be met with and 
the next locality will be on the Continent. No doubt 
some of these apparently capricious variations are to be 
explained by advancing civilisation. Building, draining 
and the gradual reclamation of the countiy are fatal to 
insect life as a rule. But this will not explain every case 
of capricious restriction to a feiv separated stations, such 
as are so commonly met with among the Lepidoptera of 
this country. 
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The Range of Animals. 

In the range of species we meet with every condition, 
from, world- wide distribution to the most restricted habitat. 
It has been said that man is the only animal (with the 
exception perhaps of his parasites) which is literally found 
in every habitable part of the earth's surface ; but a few 
others are almost as widely scattered. Among mammals 
only certain bats are in this position, for though the 
common mouse and the rat are found nearly everywhere, 
it is very possible that man is responsible for this wide 
dissemination. The Bam Owl {Strix flamrriea) occurs in 
most parts both of the new and old worlds. It is true 
that in different countries it has received different names ; 
but the opinion of many is that these are at the most 
local races which are hardly deserving of being separated 
as species. The Painted Lady {Vanessa cardui) is an 
example from another class of animals which has an 
equally wide range. This butterfly extends from Europe 
to tlie Islands of the Pacific and to New Zealand, but is 
not found in the West Indies and certain parts of South 
America. The common Red river Worm {Tubifex) seems 
to be universally spread. At any rate examples from so 
distant a spot as New Zealand do not differ in any 
appreciable point from those of England. A species be- 
longing to another family of Oligochaeta, Henlea ventri- 
culosa, occurs in Europe, in the territory of the Ehirghese 
Tartars, and in New Zealand. 

The now extinct Large Copper Butterfly was formerly 
found in abundance in the Cambridgeshire fens, but found 
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nowhere eke in the world. The limitation of particular 
species of hnmming-hirds to particular peaks of the Andes, 
and of snails to particolar valleys, are other exampes. 
Francolinus Kirki of the island of Zanzihar is almost as 
striking an instance of the same phenomenon. The Yen- 
dace {Coregonua vandesius) restricted to Loch Maben in 
Dumfriesshire is an animal with a still more limited range, 
and several other examples might be given, particuhurly 
from the &unas of islands. The two extremes are natu- 
rally connected by numerous intermediate stages, whers an 
animal has a more or less limited habitat. 

Cosmopolitan groups. 

There are comparatively few groups of terreslrial 
animals which are truly cosmopolitan. As the groups 
get smaller the number of those that are cosmopolitan 
decreases. That is to say, there are more cosmopolitan 
£Eunilies than genera, and more genera that are cosmo- 
politan than species. 

Mr Wallace enumerates in his work upon Geographical 
Distribution no less than sixteen families of birds which 
are really cosmopolites; they are, Cormdaa (Crows) aad 
Hirundinidce (Swallows) among Passerines; Eongfisheis 
among Picarise; among other land birds, Colwmhida 
(Doves), TetraonidcB (Grouse), FalconidcB (Hawks), Stri- 
gidce (Owls) ; among waders Rallidce (Rails), Scolopacidce 
(Snipe), Charadrice (Plovers), Ardeidce (Herons); among 
aquatic birds Anatidce (Ducks and Geese), Laridce (Gulls), 
ProcellaridcB (Petrels), Pelecanidce (Pelicans) and Podici- 
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pedidw (Grebes). Only one family of mammals are really 
cosmopolitan, namely, the VespertiliomdcB. There are 
several &milies of butterflies and moths which are in 
this position and nearly all the families of beetles. The 
ffelicidcB ^one of the terrestrial Mollusca are universally 
distributed, and among earthworms the two families Zunt- 
bridd^ and Cryptodrilidce. It is a significant faet that of 
these femilies by tar the majority are winged creatures, 
which are naturally less restricted by barriers. The earth- 
worms form an apparent exception which is not really so ; 
for it is highly probable that the universal range of these 
&Biilies is due to human agency. Again, it is important 
to notice that of the cosmopolitan birds at least eight are 
lai^ly aquatic in habit or frequent the margins of streams 
And lakes. The conditions of life for aquatic birds are 
more similar in different parts of the globe than those 
of purely land birds. Moreover all these &milies are 
numerous in genera and species. 

Cosmopolitan genera are fewer in proportion. Among 
birds we have Hirundo (Swallow), Pandion (Osprey), Strix 
■(Bam Owl), Ralltts, Porzana (Rails), Gallinuta, Fvlica 
■(Coots), NuToenma (Stilt Plovers), Limosa (Qodwits) and 
several other Scolopacidie, Okaradriua (Plovers), Ardea 
(Heron), Nycticorax (Night-heron), Aiuis (Duck), Sterco- 
rariue (Skua), Larus (Gull), Sterna (Tern), Pw^aw* (Puffin), 
Proc^laria, Fvlmarua (Petrels), Pelecanus (Pelican), Pha- 
Jacrocorax (Coruorant), Podioipes (Grebe). Among butter- 
flies the genera Pyrameis (Painted Lady), Polyommatua 
(BUiob), Pieri8 (Whites), Papilio (Swallowtail), Pamphila 
and Hesperiii (Skippers) are univei-sally liistribiitml. 
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Macroglossa, Chcerocampa (Hawkmoths), Macrasila (Clear 
wing) among moths are also cosmopolitan. 

As to species there are comparatively few that have a 
world-wide range ; the most striking example among birds, 
is the Osprey. Gallinula chloropus and Totanua inccunus^ 
have the same distribution. Among insects it is more 
difficult to discount the interference of man, which may 
be responsible for a world-wide distribution. Anosia 
pleadppus is a butterfly which appears to be found almost 
everywhere. I have dealt on another page* with those 
species of earthworms which are cosmopoUtan or nearly 
SO and arrived at the conclusion that it is in those cases 
really a question of transport by man. The same argu- 
ment seems according to M. Trouessart to apply to the 
cosmopolitan Gecko, Platydactylua facetanus. Even the 
Lepidoptera above mentioned are not above suspicion 
on this score; the pupsB could so easily be accidentally 
conveyed to the most distant countries. The common 
bee-fly (Eristalis tenax), which so closely resembles to 
the superficial inspection a honey-bee, has reached as far 
as New Zealand, doubtless by the same agency. 

Restricted groups. 

We have besides universally distributed groups some 
^ which are remarkably limited in their range. Naturally 
this applies most of all to species and least to families^ 
The majority of species have a more or less restricted 
range, so much so that it would be impossible to give any 

* v, infra. 
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catalogue of them. A few of the more remarkable ex* 
amples may however be referred to. The most atriking of 
these are certain fishes which are limited to a single lake ; 
thus the Lough Killia Chair is coofined to the lake of 
that name. A small moth, Omix deuonitUla, vbs once only 
found in Devonshire. The monkeys of the genus Brachy- 
ums, comprising three species, are limited each to a 
moderately small forest tract in South America. The 
majority of examples of species with a limited range 
are of coarse . to be found upon oceanic islands. Not 
only are there species with a very small range in space 
but also genera. Here again the most numerous examples 
are to be found on oceanic islands such as the now extinct 
Starling, Fregilwpua, of Reunion. But there are other 
cases of genera which have faciUties for a wider range, 
but which for one reason or another (to be considered 
later) have been unable to extend that range. The genus 
Optsthocomua (containing by the way only a single species, 
being the type of a distinct family) is limited to a portion 
of British Guiana ; the Gorilla to the forest tract of the 
west coast of Africa ; here again there is but one species. 
Among families there are also a few with an exceedingly 
restricted distribution. The Rhinochetidie, containing only 
one genus and species, R. jybaius, the Kagu, is only found 
in the island of New Caledonia; the Trumpeters or 
Psophiidffi are confined to certain districts of the Amazons, 
and the four or five species of the genus might he quoted 
as a case of very Umited range in species. In Madagascar 
the &mtly Chlromyidie is represented by but one species. 
Cases of limited range among groups that may be regarded 
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as higher than families are naturally not common. The 
most striking perhaps is that of the Bhynchocephalia ; this 
group has but one species, the well-known Hatteria, which 
is only found in a few small islands ofiF the coast of New 
Zealand. Not quite so striking from some points of view, 
but perhaps more so in another, in that the group is a 
higher one, is the case of the Monotremata; the two or 
three genera are limited to certain parts of the Australian 
region. 

The facts just enumerated lead us to one of the 
axioms of the science of Zoogeography, which was for- 
mulated by Mr Sclater* in the following words. " Every 
species occupies a definite area on the world's surface; 
and in like manner every genus and family, or other 
higher assemblage of species, occupies a definite area on 
the earth's surface ; or more shortly, locality or existence in 
a certain spot is quite as much an attribute of animals as 
structure or the possession of a certain form or shape/' 

The meaning of a restricted distribution. 

It does not, however, by any means follow that this 
area is now as it always has been. To study Zoogeography 
properly a knowledge of the extinct forms of life is not 
only desirable but necessary. By the aid of Palaeontology 
various facts, at first sight dark and meaningless, become 
clear, or at least clearer. We must imagine each species 
setting out from its centre of origin and gradually ex- 

1 **The Geographical Distribation of Mammals,*' Manchester Science 
Lectures, 1875. 
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tending itself by actual or passive migration right and left 
and in every possible direction from this focus. Gradually 
the form will be modified, or by competition or for some 
other reason become extinct, leaving perhaps descendants 
scattered here and there to tell the tale of a formerly wide 
range. A guess can be made as to the comparative age of 
a species or a genus by comparing such facts. 

In all probability these instances of a restricted distri- 
bution are to be explained in one of two ways ; either the 
form is a new one or it is an ancient one. A new species 
recently come into existence would naturally, at least on 
any theory of evolution, have a limited range because it 
would have come into being at one locality and not have 
had time to extend its range, supposing an extension to 
be possible and not barred by impassable barriers. 

The former alternative applies probably to most of the 
examples that have been used, particularly perhaps to the 
peculiar species often found upon oceanic islands. There 
are however numerous species, as limited in their range, 
which are in some cases certainly vestiges of races once 
universally or widely distributed. 

The Chimpanzee tribe is at present limited to the 
forest region of central Africa. Its utmost range is nearly 
across that continent. But the palseontological records of 
India contain a description and figures of a portion of a 
skull evidently belonging to a chimpanzee which at one 
time existed in India. Probably that indicated the high- 
water mark of the extension of the chimpanzee, which has 
since retired to more restricted boundaries We know 
from historical records that the lion used to occur in 
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Greece as well as in India and Africa, where it is now alone 
met with. And at an earlier period still it was found in 
this country. The hippopotamus, now limited to Africa, 
was once found in Madagascar, and probably the same 
species in Europe. 

In such cases however the species in question are 
generally also of generic, even of family, rank. The 
remarkable lizard Hatteria, as already mentioned, is con- 
fined to one or two islands off New Zealand ; this lizard, 
as the fossil remains of its allies tell us, is the sole survivor 
of the Rhynchocephalia, a race of Saurians found in the 
Mesozoic rocks of this country. The Viverrine Carnivore 
Cryptoprocta, found at present only in Madagascar, is held 
by some to be the last surviving remnant of the extinct 
Creodonta ; in any case it is generically distinct from any 
other carnivorous animal. The same arguments may be 
applied to the Thylacine of Tasmania, to the Aye-Aye 
(Chiromys) of Madagascar, and to many other animals. 
An apparently similar series of facts is therefore probably 
to be explained in quite a different manner, an instance 
of extremes meeting. The same mode of distribution 
is indicative either of great antiquity or of extreme 
modernity. 

A comparatively restricted range however may be also 
•due to incapacity for migration. The converse is perhaps 
more obvious. Widely distributed animals are either 
flying animals independent of barriers which impede the 
purely terrestrial species, or possess some special facilities 
for voluntary or involuntary translation from country to 
oountry. An entirely arboreal creature cannot pass across 
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a level tract of country with no trees; nor can an 
Amphibian whose skin requires to be kept moist cross an 
arid desert. This consideration leads to an important 
matter, the capacities for migration possessed by different 
animals which will be discussed later. 



Discontinuous distribution. 

On the hypothesis that each animal has had its centre 
of disperaal, that it came into existence once and at a 
definite place, it is clear that originally at least the area 
inhabited by a given species must have been perfectly 
continuous. As a matter of fiict it is generally the case ; 
the remarkable thing appears to be not that there are 
occasionally breaks in the continuity of the area inhabited 
by a certain species but that it is so difficult to find 
instances to illustrate the breaks. Mr Wallace explains 
the rarity of discontinuous distribution among the species 
of birds by the suggestion that they are possibly " more 
rapidly influenced by changed cooditionB, so that when a 
species is divided the two portions almost always become 
modified into varieties or distinct speciea" It must be 
borne in mind also that birds are a modem group, and the 
very difficulty of classifying them satisfactorily indicates 
that there are but few breaks in the series ; they are 
possibly still in a condition of perpetual modification ; 
they have not so to speak become fixed and crystallised, 
like some of the older and in a sense more effete groups of 
animals. However this may be, Mr Wallace quotes from 
Mr Seebohm a highly remarkable instance of discontinuous 
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distribution in a species of Tit. The Marsh tit, Parus 
palustris, has a range nearly co-extensive with the 
PalsBarctic region; but it is known throughout this 
immense tract of country in certainly three varieties. 
One of these is found in Southern Europe, in Italy, 
Turkey, Greece, and Asia Minor. The same variety does 
not crop up in the intervening country but again appears 
in South China. Whether this variety is entitled to 
specific rank or not, the fact is remarkable and really of 
equal value. It almost suggests an explanation that has 
been sometimes advanced to account for discontinuous 
distribution in the species of Mollusca. No great diffi- 
culty could be felt in the assumption that the same 
variety had been twice produced in localities of a somewhat 
similar climate. Mr Wallace refers to one or two other 
examples of a somewhat similar nature ; the Beed bunting 
of this coimtry reappears in Japan, being absent from 
Asia. To take an instance from another class, Dr Scudder 
records the existence of the butterfly (Eneis jutta^ in the 
Rocky Mountains of British Columbia and in Hudson's 
Bay, and its absence from the intervening tract. 

The genus Peripatus^ oflfers an example of a genus 
with an exceedingly wide and at the same time discon- 
tinuous distribution. Peripatus is universally regarded 
as a very archaic form of Arthropod, which has preserved 
certain characters of the worm-like ancestor from which it 
is presumed that the Arthropods have been derived. 
There are, for example, a series of paired excretory organs 

1 Batterflies of E. United States. 

' Qtuirt, Joum, Mier. Sci, vol. 28, 1888. 
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like those that occur among the segmented worms. On 
the other hand it has the tracheae of the tracheate 
division of the Arthropods, and at least rudimentary 
appendages of the Arthropod type. The genus has been 
recently the subject of a careful monograph, so that we 
are in possession of the facts of structure and distribution 
of a good many species. Mr Sedgwick allows eleven 
species as well founded, and there may be others. The 
genus occurs in South Africa, South America and the 
West Indies, in New Zealand and in Australia; one 
specimen is found in Sumatra ; otherwise it is absent from 
the Oriental region. The species of the genus are mainly 
distinguished from each other by the position of the 
generative aperture, by the number and structure of the 
legs and by colour. Mr Sedgwick divides them into four 
groups which correspond to their range ; the Australasian 
species, for instance, form one group, the neotropical 
another, and so forth. These four main groups are largely 
separable on account of the varjdng position of the 
generative pore, which may be between the last or the 
penultimate pair of limbs or altogether at the end of the 
body. There are diflferences too in the structure of the 
generative organs, and the eggs show characteristic 
variations; thus, in the Australasian species the ova are 
large and full of yolk, in the Cape species though the ova 
are large the yolk is not abundant, and finally in the 
neotropical species of Peripatus the ova are quite minute, 
and without food yolk. The single known species from 
the Oriental region is more imperfectly known than many 
of the others ; but it seems to resemble the neotropical 

B. z. 2 



18 DISTRIBUTION OF JAYS. [CH. I 

rather than the Ethiopian species, which is not a little 
remarkable. It has, as have the neotropical forms, the 
generative openings between the legs of the penultimate 
pair. 

Separate areas of the species of a genus. 

It sometimes happens that the area of distribution of 
a genus is perfectly continuous but traversed by large 
rivers or other checks to distribution. A genus occupjdng 
a group of islands, for example, may be said to have an 
unbroken range so far as is possible ; but here under 
similar circumstances it is frequently the case that the 
isolation has been accompanied by the breaking up of the 
genus into a number of species, perhaps corresponding 
with the subdivisions of the area. The islands of the 
group which together constitute the Sandwich Islands are 
often inhabited by particular species belonging to a genus 
common to the whole archipelago; the. huge tortoises of 
the Galapagos are in the same condition. A large tract 
of country is often similarly inhabited by a series of 
species belonging to the same genus; but each of these 
keeps rigidly to its own particular territory: an inter- 
mingling is rendered difficult perhaps by the infertility of 
the species with each other, and partly also by the fact 
that, the ground being already taken up, there is no room 
for the inroad of a closely allied form, which has presumably 
the same or nearly the same mode of life and would 
therefore seriously compete. The twelve species of Jays 
belonging to the genus Oarndus range over the greater 
part of the Palaearctic region ; but nearly every species 
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has its own particular habitat, and does not interfere with 
its Deighboura In the map which Mr Wallace gives, in 
illustration of the facts of distribution of this genus it is 
seen that two species overlap just at the confines of 
Europe and Asia, while the former of these, the European 
Oarrvlus glandarius^ is also overlapped by one species in 
the south-east of Europe and by another in Algeria. It 
is far more usual for species to occupy in common a given 
area, than for a division of the territory to have taken 
place. Nevertheless the example just quoted is by no 
means unique, even among birds whose powers of flight 
set ordinary barriers at defiance. But a rigid partition of 
the area of a genus is more commonly met with among 
animals which have not these exceptional means of 
disposal. This will now be illustrated by three examples. 

Distribution of Rhea. 

The distribution of the species of Bhea^ illustrates the 
limitation of the species of the same genus each to its 
own particular tract. The genus itself occupies a con- 
siderable area of S. America, to which continent it is 
absolutely confined. The three species of the genus have 
been lately subjected to a careful comparison by Dr 
Gadow, who has plainly differentiated the three recognised 
species, viz. Bh, americana, Bh. macrorhyncha and Rh. 
darmni. The anatomical characters which distinguish 
them are not of course very marked, but they are amply 

^ See Gadow, **0n the Anatomical Dififerences in the three species of 
Rhea," P.Z.S. 1885, p. 308. 

2—2 
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sufficient for the parpose. Bh. darwini and Rh, americana 
agree to differ from Rh. mcxrorhyncha in having only 15 
(instead of 16) cervical vertebrae and in having a broad 
skull. They differ from each other principally in the fact 
that the metatarsus in front has scutes on distal half only 
in Rh. darwini; Rh. macrorhyncha agreeing with Rh, 
americana in having transverse scutes along the whole 
length of that part of the leg in front. 

The range of the three is as follows : — Rh. americana 
extends fi*om Bolivia through Paraguay into Uruguay 
and southward to the Bio Negro. Its head-quarters seem 
to be the pampas of Argentina. 

Rh. darwini is restricted to the eastern half of 
Patagonia and to south-eastern Argentina. It overlaps 
the last species about the Rio Negro. 

Finally lUi. macrorhyncha occurs in the provinces of 
Pemambuco and Bahia but does not overlap Rh, americana. 
Dr Gadow intimates that on the whole Rh. darwini is the 
best marked species. Hence possibly its overlapping is 
less remarkable, since the greater difference in organisation 
may go with a greater difference in habits. 

Distribution of Ibexes. 

There are altogether eleven species of Wild Goats as 

allowed by Mr Sclater*, to which may be added a twelfth*. 

(1) Capra pyrenaica, the Spanish Ibex, is not only 

Pyrenean, but is found, slightly altered in character, in the 

mountain ranges of other parts of Spain and Portugal. 

1 P.Z.S. 1886, p. 314. 

^ There are probably however more names than species. 
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"It is curious," remarks Mr Sclater, "that it is more 
nearly allied to the Caucasian ibex than to the ibex of 
the Alps." , 

(2) C ibeo!, the ibex or steinbok found in the Alps 
and Tyrol, but rare and needing artificial preservation. 

(3) C. osgagrus, the true wild goat, is probably the 
origin of the domestic variety. It is now found only in 
Crete and some of the smaller Cyclades as regards 
Europe, but also extends through Asia Minor and Persia 
to Sind and Baluchistan. 

(4), (5) (7. cavcasica and C. palldsii are restricted to 
the Caucasus, where they do not appeal* to overlap 
greatly. 

(6) C, sinaitica. This ibex is found only in the 
mountain ranges of Upper Egypt, the Sinaitic peninsula 
and Palestine. 

(7) C. walie is a distinct though rare and little 
known species, from the highest mountain ranges of 
Abyssinia. 

(8) C. sibirica. It is remarkable that this species 
should occur in two such distant localities as the Altai 
mountains and the Himalayas. But it appears that a 
thoroughly careful comparison of examples from the two 
localities has not yet been made. This may very possibly 
reveal differences. 

(9) C.falconeri, This ibex is popularly known as 
the Markhore, it lives in the Pir-panjab and Sulaiman 
ranges in Cashmere and Afghanistan. 

(10) C. jemlanica. The "Tahr" occurs along the 
whole range of the Himalayas. 
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(11) C, hylocritLs, This species of wild goat is 
found in the Neilgherries and some other ranges of 
southern India. 

(12) G, severtzowi. This is another Caucasian 
ibex which Dr Menzbier has added to the two ahready 
referred to. ' 

Here we have an instance of a genus of tolerably wide 
distribution, but discontinuous. The discontinuity is 
entirely due to the mode of life of the genus, which 
frequents high mountains and cannot tolerate the level 
plain. The mountains are comparable to oceanic islands 
which can only be reached from time to time and under 
favourable circumstances. This naturally results in the 
isolation of those individuals which have migrated from 
their original home to a neighbouring mountain range ; 
and as a consequence of this isolation, which precludes 
admixture with the parent stock, we have the production 
of new forms, just as in the case of oceanic islands. With 
this may be compared the distribution of such a genus as 
the giraffe, which has, or had until very recently, a range 
of nearly the same extent as measured by miles. But 
this range is uninterrupted by many tracts of country 
that are uninhabitable to the animal ; hence there are at 
most two forms of giraffe. Even the true bears (genus 
Uraus) may be contrasted. Dr Grevd allows nine species 
and five varieties, hardly more than there are of goats. 
But the range is enormously larger — nearly the whole 
of Asia and Europe and nearly the whole of America — 
and there is nowhere a gap of any kind. 
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Distribution of the Cassowaries. ' 

The species of the genus Caauarius' present an ex- 
celleDt instance of the specialisation of a genus when its 
region is broken up by barriers into detached areas. 
There appear to be altogether eleven or twelve species 
of cassowary that are well ascertained; there may even 
be one or two more ; at any rate there are more than 
twelve names distributed among the cassowaries. I shall 
not enter into the characters which distinguish the 
species beyond remarking that they can be readily defined 
by the shape of the " casque," by the presence or absence 
of wattles depending from the patch of naked skin upon 
the throat and by the particular tints exhibited by the 
generally brilliant colouration of the latter. The casso- 
waries are entirely limited in their distribution to the 
Australian region and do not range over the whole of that 
region. They are absent from New Zealand and from 
many other outlying islands. But although the cas- 
sawaries are of bulky form and like other Struthious birds, 
quite incapable of flight, they are by no means limited to 
the continent of Australia itself. The following is a list 
of the properly defined species and their range : 

Casttarius austroMsy Australia. 

C. picticollis, 

G. Edwardsi, 

C, Westermanni, )■ New Guinea. 

C. imiappendicvlatuSy 

C. Salvadorii, 

G, galeatuSy Ceram. 
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C. Beccaritf Wokan. 
C. bicarmuml(itu8, Aru. 
C, Bennetti, New Britain. 

C laglaizei^, ) ^ .. 
G. occipitaltSy) 
This case is analogous in many ways to that of the 
goats already dealt with. Isolation has led to the 
differentiation of species from a presumably identical 
stock. Furthermore, where the area is large it has proved 
capable of sustaining several species, which is not the case 
with, those islands of limited extent, such as Ceram, which 
harbour cassowaries. With this fact may be compared 
the presence of only a single species of Ibew in the com- 
paratively small tract of country occupied by the 
P}rrenees, and the presence of this species in the more 
extensive Caucasus. The existence of five out of the ten 
species in New Guinea marks this large island out as the 
liead-quarters of the group from whence they have 
migrated elsewhere, or perhaps, if the islands are to be 
regarded as a broken continent, have been isolated. 
That New Guinea is to be regarded as the original home 
of the cassowaries is perhaps also shown by the tsuct that 
the species now existing there present in themselves most 
of the important modifications of structure which the 
genus exhibits. In his most recent revision of the 
cassowaries Mr Sclater divides those without wattles 
from those which have these appendages. Both kinds 
occur in New Guinea. On the other hand this con- 

1 The editor of the Ibis (Oct. 1894, p. 560) is inclined to doabt the 
distinctness of these two species. 
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sideration is to be qualified by the &ct that no casso- 
wary with a laterally compressed casque (another 
character made use of by Mr Sclater) exists in New 
Quinea. In all the New Guinea species the casque is 
transversely compressed. 

Classification and Distribution. 

The facts of distribution are constantly liable to be 
misunderstood through ignorance of classification. Not 
only is a serious error in the actual facts of the distribution 
of a particular group caused by wrongly assigning to it 
some individual genus or species, but the significance 
of the facts is by this largely, sometimes totally, obscured. 
A knowledge of comparative anatomy is absolutely 
essential to the student of distribution. It used to be 
supposed that the central American Carnivore Bassaris 
was a member of the family Viverridae; the genus 
therefore was believed to be the only Viverrine found in 
the New World, a singular anomaly in the distribution of 
the group. But Sir William Flower in his paper upon 
the skull in the Camivora showed that this animal is 
really an ally of the Raccoons, which are purely an 
American family. Everybody is acquainted with the 
fact that monkeys are found both in the old world and in 
the new. But the £Eict gets a far larger significance when 
it is realised that the new world monkeys form a group 
by themselves which differs from that of the old world 
monkeys in a number of important anatomical characters. 
The wide distance and the absence of means of transit 
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within recent times has brought about the great diver- 
gence which is now seen between the two sections of the 
Primates, the new world Platyrrhines and the old world 
Catarrhines. It has been already pointed out in dealing 
with the distribution of the archaic Peripatvs that the 
species of different parts of the world form natural 
assemblages separable from those of other parts of the 
world by definite anatomical characters. This is the case 
too with many other genera and families of animals. We 
invariably find that when a group, which Palaeontology — 
or in the absence of direct evidence from fossils, other 
considerations derived from anatomy or embryology- 
proves to be an ancient group, has a tolerably wide and 
discontinuous distribution, marked differences in structure 
distinguish its representatives in different parts of the 
world. This is more marked still in the case of a group 
which has but limited powers of dispersal. We shall now 
illustrate the connection between distribution and ana- 
tomical structure by a few examples, which are of course 
few among many; in other pages other instances have 
been or will be treated of and reference may be made to 
those places for further illustration of the general fact. 

Distribution of the Gallinaceous birds. 

The Gallinaceous birds (Alectoromorphse of Huxley) 
offer an exceedingly instructive example of the connection 
between anatomical structure and geographical distri- 
bution. There can be no doubt that this group is a 
natural one. It is divisible into the following seven 
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families^ : — Grouse, Turkeys, Guinea-fowls, Pheasants, 
Megapodes, Curassows and the aberrant Hoatzin (Opis- 
thocomus). They are thus distributed: 

1. Tetraonidse (Grouse). Patearctic and Nearctie. 

2. PhasianidsB (Pheasants). Oriental. 

3. NumididaB (Guinea-fowls). Ethiopian. 

4. Meleagrida? (Turkeys). Southern Nearctie. 
o. Cracidse (Curassows). Neotropical. 

6. Megapodidse (Mound-builders). Australian. 

7. Opisthocomidse (Hoatzin). Neotropical^. 

They are not, however, in every case absolutely confined 
to these regions as defined by Mr Sclater. Thus among 
the Megapodes one species gets into the Indian region, 
and the Phasianidse stray into the Palaearctic. The 
Tetraonidse are really almost cosmopolitan, though mainLy 
massed in the two northern regions of the earth's surface. 
The Curassows extend into the southern parts of the 
Nearctie, occurring as they do in Mexico and in California. 
Such briefly are the facts of the distribution of this group 
of birds; it now remains to enquii*e into the mutual 
relationships of the several families or subfamilies. Mr 
Huxley unites the Megapodes with the Cracidae into 
a group Peristeropodes, and separates them from all the 
rest which constitute his Alectoropodes. The former 
division has a sternum with less deeply marked notches, 
the vomer is well-developed, and the hallux is attached to- 
the foot on a level with the other toes. These charax^ters 
look as if they were more primitive than the deeply 

1 P.Z.8. 1868. 

^ These terms are explained later ; see Chap. II. 



'■ 



28 STRUCTURE OF GALLINACEOUS BIRDS. [CH. I 

notched sternum, the more rudimentary vomer, and the 
abnormal position of the hallux in the Alectoropodes. 
This is very likely so, but as Ftirbringer^ has pointed out, 
the structure of the soft parts of the Megapodes are more 
different from what is found in the Curassows. The latter 
often have a convoluted windpipe, which does not occur 
in the Megapodes, but is met with in some Guinea fowls 
and in the Grouse (Tetrao urogaUus). The Megapodes 
have lost one of the two carotid arteries, and their oil 
gland has not the tuft of feathers found in other Galli- 
naceous birds ; in fact, as regards internal structure other 
than that of the skeleton, the Cracidse are not so very 
near to the Megapodes. All these structural features 
will seem perhaps of small moment to the student of 
invertebrate anatomy; but it must be remembered that 
birds form a very circumscribed group; the anatomist 
is glad of the smallest characters upon which to found 
differences ; and the differences enumerated are not small, 
considering the characteristics of the order. Apart, how- 
ever, from these differences it does appear the two families 
Cracidse and Megapodida are the most primitive GalUn- 
aceous birds now in existence; not only do the two 
points referred to above tend to show this, but we might 
also perhaps urge the "reptile-like habit" which the 
Megapodes have of laying their eggs in a heap of dead 
•leaves and abandoning them to the kindness of nature — 
a habit which of course recalls that of nearly all Beptilia. 
Moreover neither the Curassows nor the Mound-builders 
show to anjrthing like so great a degree that difference in 

* Untersuchungen zur Morphologie der VdgeU 
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plumage between the sexes which is often developed to so 
extraordinary an extent in the other members of the 
group. In many birds which are presumed to be of an 
ancient type, for instance the Ostrich tribe, there is the 
same absence of strongly marked secondary sexual 
characters in colouration. In this particular enquiry we 
cannot unfortunately get any assistance whatsoever from 
Palseontology ; the only fossil Megapode recorded in 
Lydekker's Catalogue of Fossil Birds is TcdegaMa 
lathami, a species now living; there is no information 
as to extinct Cracidse. The Alectoropodes on the other 
hand, are much more nearly connected among themselves. 
FUrbringer, indeed, does not divide them further^ The 
Guinea-fowls perhaps are the most distinct group; but 

• 

the Argus, Pheasant and the Peacock are looked upon 
by FUrbringer as somewhat intermediate between them 
and the more typical Phasianidse. About this group of 
Qallinacese there is some palaeontological information ; a 
few existing species {Lagopus aJhus, Francolinua pictua) 
have been described from the Pleistocene of Europe 
and India respectively; the extinct genus Pdkeortyx, 
" Partridge-like birds," containing eight species, occurs in 
the Eocene and Miocene of Europe ; three species of an 
allied genus, PaJasoperdix, are also found in the Miocene 
of Europe; five species of Phasianus have been found in the 
Pliocene and Miocene of Europe; four species of Oallus 
occur in the "superficial deposits" of New Zealand, the 
" Cavern-deposits of the Lahn valley, Germany " and the 
Pliocene of France ; of greater interest is the genus Tao- 

^ Nor Gadow with any confidence, see Bronn's " Thierreich." Aves. 
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perdix (one species only), from the Eocene of France, 
which is said to present affinities with Numida and 
Meleagris, Le. with African and American forms. The 
facts which have so far been enumerated enable us to 
draw some interesting conclusions; the first is indis- 
putable; each of the great divisions of the globe is 
tenanted by a special group of Gallinaceous birds, which 
is with the exception of the nearly cosmopolite TetraonidsB, 
confined to that particular region. There are some 
reasons for considering that the cosmopolitan Tetraonidae 
are of a less ancient stock than the restricted CracidsB and 
Megapodidse. There is a closer structural connection 
between the Gallinaceous birds of the three great con- 
tinents of Europe, Africa and Asia, than between any one 
of them and the Gallinaceous inhabitants of South 
America or remote Australia. The two latter regions, 
being truly the ends of the earth, are populated by the 
two most ancient types of Gallinaceous bird, which how- 
ever are not very closely allied. 

In a very tentative way we may point out another 
possible conclusion. We may presume that the earth 
was possessed, as regards Gallinaceous birds, by an ancient 
stock of which the Cracidae and Megapodidse are the only 
survivors; later on, from the ancient stock, arose other 
families which increased and multiplied so much as to 
drive their forerunners into the more remote comers, 
where an inroad of the sea preserved them from further 
competition; as the remnants of the more ancient 
race came thus to be widely separated and exposed to 
divergent conditions they would naturally get to be more 
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and more unlike each other ; hence the differences between 
the CracidsB and Megapodidae. We find in fact the 
presumably younger race spreading over the whole earth, 
while the remnants of the older race are limited to the 
more remote parts. All this fits in well, as will be 
remarked later, with the Polar theory of the origin of life. 

Distribution of the Edentata. 

The Edentata are a group of mammals in which 
the distribution has a very strong relation to anatomical 
structure. That there is this intimate connection has 
been shown by recent anatomical investigation, which 
is summed up and its purport explained in a paper by 
Sir William Flower^ from which the information upon 
the subject can be most conveniently got. Formerly the 
members of this group were divided into families not at 
all consistent with deep lying structure but rather with 
superficial modification depending upon similar habits 
and ways of life. Before examining the rational classifi- 
cation of the group as proposed by Sir William Flower, 
it will be convenient to briefly pass in review the different 
genera and Seimilies into which the Edentata may be 
divided. 

The living members of the group readily separate into 
five families, which are the following: — BradypodidsB, or 
sloths, containing the two genera Bradypua and CholoBpvs. 

Myrmecophagidse, or anteaters, with the genera Myr- 
mecophaga, Tcumandtm and Cycloturus, 

Dasypodidse, or Armadillos, with the six genera, 

1 P.Z,S, 1882, p. 868. 
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Tattisia, Dasypvs, Xenurus, Priodon, Tolypeutes and 
Chlamydophorus, 

Manidae, or scaly anteaters, with really only one genus 
Mania, though more have been allowed by some system- 
atists. 

Orycteropodidse, or Cape anteaters, containing but a 
single genus Orycteropus. 

Now it has been customary to associate together 
the anteaters of both the old and the new world, sepa- 
rating them on the one hand from the sloths and on the 
other from Orycteropus. We thus get a group ranging 
over South America, the greater part of the Oriental 
region, and a large tract of the Ethiopian region, for 
Mania is found in both of the last named regions. The 
Mania of the old world has a strong superficial likeness to 
the anteaters of the new world. The same long tongue 
and well-developed salivary glands are present in both, 
while neither of them have any teeth; correlated with 
this likeness in structure is the fact that both feed upon 
ants. The Australian anteater, Echidna, was on this 
account placed by Linnaeus in the same great group 
as that containing the Edentata ; it has in the same way 
a long tongue and well developed salivary glands. There 
is, however, of course no intimate connection between the 
animals ; we have here merely a case of modification to 
the same end, the utilising of an abundant ant or termite 
supply. The Woodpecker and the Chamaeleon show a 
remarkably analogous modification of the alimentary 
organs. This is really the only reason, apart perhaps 
from a general similarity in form, which has led to the 
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uniting of the Old World with the New World anteaters. 
But an examination of other structures does not show 
any likeness between the Mania and the Myrmecophaga, 
but does reveal an unmistakeable resemblance between 
the latter and the sloth, to which it is so unlike in 
external form and in habits. In the American anteater 
the vertebrse to a large extent interlock with each other 
by an additional series of articular processes, not found 
in other mammals, excepting only the Dasypodidse, and 
the extinct MegatheriidaB, and which is to a less extent 
but still obvious in the sloths. This structural resem- 
blance found in animals of such diverse habit must have a 
significance in considering their affinities. The fact that 
the processes in question axe in a rudimentary condition 
in the sloths is correlated with the fact that in those 
animals which depend from the branches of trees, and use 
the muscles of the back but little, the articular processes 
generally of the spine are poorly developed ; the fact is 
they are of even greater importance as evidence of real 
blood relationship. As Sir William Flower says, the fact 
may be almost said to prove "that the sloths are 
descended from animals in which they existed in a iiilly 
developed form." Neither in Mania nor in Orycteropus 
are there the slightest vestiges of these additional articu- 
lar processes. It is also pointed out that the shape of the 
sternum is characteristic of the New World and the Old 
World Edentates respectively. When we come to other 
details of structure there is the same alliance to be noted 
between the various families of Edentata found in America, 
more particularly is this to be seen in the anatomy of the 

B. z. 3 
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reproductive organs. On the other hand, the Oryctero- 
podidse are not so nearly allied to Mama as are the 
different genera of New World Edentates among them- 
selves. But though this is the case it does not show 
any special affinities with the New World forms. It may 
be temporarily regarded as a distinct family having 
(at present) problematic relations to the Manidae, which it 
resembles by what are principally negative characters. 
The placenta is an organ which is of great assistance 
in bringing out affinities between various groups of 
mammals; unfortunately it is not known whether the 
placenta of Orycteropus is deciduate or the reverse ; if 
non-deciduate there is a likeness to the Mania and not to 
the New World £dentate& At any rate it is clear that 
Mania, even if it be not a close ally of Orycteropua, is still 
further removed from the MyrmecophagidsB, Dasypodidse 
or Bradypodidse. A glance at the structure of the fossil 
members of the order entirely confirms the broad lines 
of classification thus laid down by Sir William Flower. 
The Megatheriidse are in some respects intermediate 
between the anteaters and the sloths ; the teeth are those 
of the sloths, but the diminution of their number in 
the genus Ccelodon " leads towards their total suppression 
in Myrmecophaga'' The lengthening of the skull in 
Megatherium is another step in the direction of Myrme- 
cophaga. On the other hand the Old World Edentates of 
the tertiary period, so far as they are known, lend support 
to the view that they are more nearly related to the 
existing Edentates of that part of the world. We have 
therefore in this group the closest relation between the 
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geographical range of its members and their structure ; 
Lri no conLion possible between the anteaters oi 
the Old World and those of the New, while, unlike though 
they are outwardly, all the Edentata of the New World 
form a natural assemblage; the Edentata of the Old 
World form perhaps two natural assemblages of equal 
value to the one of the Old World, but there is no hint of 
any special resemblance between either and the New 
World group. 

Though the GallinacesB and the Edentates thus show 
a decided relation between distribution and structure, the 
same is not the case with other plentifully distributed 
groups of birds. 

Distribution of the Cuckoos. 

The cuckoos will serve as an instance to the point. 
This family has been investigated anatomically^ to as 
great an extent as the QaHinaceous birds ; and the mutual 
affinities of the numerous genera is to some extent plain, 
Furbringer is of opinion that the genus Phcenicophaes 
represents more nearly than any other existing form the 
primitive cuckoo. This is chiefly on account of the fact 
that it possesses the complete muscle formula, none of the 
typical muscles of the thigh being absent, and has a 
syrinx constituted on what must be regarded as the 
typical plan for birds, viz. the " tracheo-bronchial." The 
i*emaining genera have diverged from this in two ways ; 
either the accessory femoro-caudal muscle has disappeared, 

1 See Beddard, P.Z.S. 1886. 
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or the voice organ has moved down the bronchus pro- 
ducing that form of syrinx known as the " bronchial." 
These two changes have in no case occurred simul- 
taneously. We find either the one or the other. But 
there is no correspondence between the change in 
structure and range in space. In both the Old and 
the New World we meet with cuckoos like Crotophaga 
and Oeococcyx (America) and Centropus (Old World) in 
which the syrinx is bronchial and the muscles all present. 
In both hemispheres are cuckoos like our common 
Cuculus ccmorus and the American Piaya, in which the 
trachea has retained the typical form, while the accessory 
femoro-caudal muscle has completely vanished. If M. 
Milne-Edwards is right in identifying a fossil cuckoo from 
the Miocene of France as a Coucal (Centropus) the 
problem is not rendered any easier. It shows, however, 
that at this period the two main divisions of the family 
were differentiated in Europe, whence they may have 
spread over the world. It must be noted that the genera 
of the New World are nearly all distinct from those of the 
Old World, and that it is possible, so far as our present 
knowledge goes, to distinguish into sub-families by the 
differences in the arrangement of the feather tracts the 
New World from the Old World representatives of the 
two chief subdivisions of the group. This affords im 
example of a frequently recun'ing series of facts. It is 
not of any interest to point out that the American genera 
are in every case distinct from the African or Indian 
genera and then to leave the matter. We have to account 
for, or to attempt to account for, the mutual relationships 
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between the genera of the different parts of the world 
So far as our knowledge of living cuckoos goes the facts 
have no significance in this connection. Presuming with 
Wallace that they originated in the tropics of the Old 
World and thence spread to the New World we have the 
remarkable fact that in the lengthy journey to South 
America the two main types already differentiated before 
migration took place, have been equally successful in 
colonisation, and have advanced equally far. FUrbringer 
holds, and with some justice, that a country inhabited by 
the oldest form of the group in question is more likely 
to be its original habitat than elsewhere. In this case 
Wallace's view that the cuckoos sprang into existence in 
the Oriental region is supported. But quite recently the 
whole matter has been put in a rather clearer light. 
Milne-Edwards has found ^ the remains of a cuckoo which 
he has relegated to a new genus and which he is unable 
to distinguish from the living Phcenicophaes. In this case 
Ftirbringer's belief that Phcenicophaes is the nearest 
approach to the archetypal cuckoo is to some extent 
justified ; and we have a family formerly of wide range, 
which is a further proof that it is an ancient form. 
Moreover if we can now assume that the parent stock 
of the cuckoos was differentiated in Europe and thence 
spread over the New as well as the Old World, the 
difficulties in the way are at least rendered less. 

We shall now indicate briefly the distribution of a few 
of the principal groups of animals. The mammals and 

^ Comptes RendWf 1894. 
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birds are dealt with later in giving the characters of the 
diflferent regions and sub-regions. 

Distribution of Chelonia. 

When Mr Wallace wrote his text-book upon Geo- 
graphical Distribution he was able to make but few 
remarks upon the distribution of the Chelonia, since the 
classification was in a very imperfect state, and therefore 
the bearing of the facts of distribution were not apparent. 
Now however, thanks to Mr Boulenger*s catalogue of the 
order, we are in a position to deal with the distribution of 
the group in a manner more satisfactory than was open to 
Mr Wallace. 

Mr Boulenger divides the Chelonia primarily into two 
great groups, the AthecsB and the Thecophora. The first 
group is distinguished by the fact that the vertebrae 
and ribs are free and not connected with the bony 
exoskeleton. As it only contains a single family, genus, 
and species, Sphargis coriacea of entirely marine habitat, 
it need not concern us any further here. The second 
division of the Chelonia is made up of three super-fisimilies, 
the Cryptodira, the Pleurodira and the Trionychoidea. 
These together contain eleven families, of which there are 
seven in the Cryptodira, three in the Pleurodira and only 
one family in the Trionychoidea. 

Of the first super-family the families Chelydridae (two 
genera), Dermatemydida? (three genera), Cinisternidae 
(one genus) are confined to the American continent. The 
PlatystemidsB (one genus) range over S. China, Siam and 
Burma ; there is but a single species which has this wide 
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range. The TestudinsB is by far the largest family of the 
Chelonia; Mr Boulenger divides it into 20 genera, 
containing between them 113 species which are cos- 
mopolitan with the exception of Australia and Papuasia. 
Eleven of these genera are Oriental in distribution. 
Three are American only. One, Pian/8, is confined to 
Madagascar. Two are confined to Tropical and Southern 
Africa. Three have a wide range over both the Old and 
the New World ; among these is the genus Testudo which 
includes the gigantic tortoises of the Galapagos and the 
Mascarene islands. The last family is exclusively marine 
and may therefore be left out of consideration. 

The Pleurodira contains, as already said, three families. 

The Pelomedusse have a curious distribution ; its three 
genera, Stemothcerus, Pelomedusa, and Podocnemis being 
found respectively in Tropical Africa and Madagascar, 
Africa and Madagascar, South America and Madagascar. 

The family Chelydidae contains eight genera. Of these 
five are South American ; two range through Australia and 
New Guinea, while one, Elseya, is only Australian. The 
family Carettochelydidse contains but a single genus 
and species found only in the Fly river in New Guinea. 

The Trionychoidea includes only one family which is 
made up of six genera. Of these three are East Indian, 
two tropical African, while the remaining genus Trionyx 
ranges through Africa, Asia and North America. 

It is obvious from the above summary which I have 
made complete, owing to the advantage of having 
Mr Boulenger's list, that South America is the principal 
home of the land and fresh- water tortoises. The American 
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coDtinent has altogether fourteen peculiar genera. The 
Oriental region which comes next has fifteen peculiar 
genera. It may be thought that the Oriental region ought 
to have been placed first ; but it seems less important than 
the Neotropical, inasmuch as the latter region has a larger 
number of peculiar families. The resemblances shown 
between South America and Madagascar (in the case of the 
genus Podocnemis) is noteworthy, and has been commented 
upon elsewhere. The Australian region is poor in tor- 
toises ; it has only three genera, of which, however, one is 
the tjrpe of a special family, confined to New Guinea. 
Africa is also poor; it has but seven peculiar genera, of 
which several range also into Madagascar, and one is 
limited to that island. 

The group also shows some remarkable instances of 
discontinuous distribution. The Chelydidsd are limited to 
the Neotropical and Australian regions ; but, as Mr Blanford 
points out, this is to be possibly explained by the fact that 
members of this family are met with in a fossil condition 
in Europe. It will have been noticed that they are 
totally absent from New Zealand. 

Distribution of Lizards. 

In this group again the facts have been collected by 
Mr Boulenger in his British Museum catalogue. The 
genus Hatteria is excluded ftom the Lacertilia ; the facts 
of its distribution have been already considered. The 
true Lizards contain altogether, according to Mr Boulenger, 
twenty families. Of these only two approach to being 
cosmopolite, the Geckotidse and Scincid© ; but the former 
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appear to be often accidentally conveyed on ships, which 
at least shows that they have facilities for becoming 
cosmopolite ; also they have many archaic points in their 
structure which point to a long existence in the world. 
The vertebrae are biconcave and have considerable 
remains of the notochord between the centra; this is a 

^ character which occurs in many ancient forms of vertebrates. 

Though there are not any other &milies of Lizards which 
are so widely spread as those which have been just 
mentioned there are a few others which have a moderately 
wide range. This may perhaps be partly attributed to 

> the small size as a rule of the lizards and perhaps to their 

largely insectivorous habits, which renders them more 
independent of locality, than if they were vegetarian. 
The fact that many occur upon oceanic islands is a fact 
which shows that they have greater powers of dispersal 
than many other groups of animals, and at the same time 
necessarily renders the study of their distribution less 
interesting. 

The families Eublepharidae, Iguanidse, Anguidae, Am- 
phisbsenidse, and Aneljrtropidse are found in both the Old 
and the New Worlds. The bulk of the Iguanidse are, 
however, tropical American, and are very characteristic of 

^ the region. The Chamseleons have a distribution which is 

remarkably parallel, as M. Trouessart has pointed out, to 
that of the Lemurs. The bulk of them are found in 
Madagascar only, but they also range into Africa and the 
East Indies. Their arboreal habits, as also in the case of 
the Lemurs, is perhaps to be compared with their 
comparatively limited range. A very characteristic Old 
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World family is that of the Monitors (Varanidse) ; there 
are a large number of species which range over the 
Oriental, Ethiopian and Australian regions; the group 
comprises some of the largest of lizards, and some of them, 
such as the Nilotic Monitor which lives upon the eggs and 
young of the Crocodile, are aquatic in their mode of life. 
The structure of the Monitors is such as to separate them 
very widely from other lizards; but they have no 
particular relationship, as was at one time held, to the 
peculiar American family of the Teiidae, of which the 
Teguexin is an example. The LacertidaB are also a 
peculiarly Old World family. To them belong two out of 
the four indigenous lizards of this country. The fourth, 
the Blind worm, is the representative of the family 
AnguidsB. The most limited range of any family is 
afforded by the Helodermatidse, containing but one genus, 
Heloderma, the Gila monster of the state of Arizona. 
With one possible exception, it is the only poisonous 
lizard. Australia has one peculiar family of lizards, the 
PygopodidsB. America has two others besides those 
mentioned, viz., Xenosauridae and Xanthusiidse. The 
distribution of the lizards undoubtedly shows a marked 
difference between the Old and New Worlds. Moreover the 
Old World is more logically to be divided perpendicularly 
than horizontally according to Dr Gtinther. He would 
divide the world into six regions, (1) America, (2) Africa 
and Europe, (3) India and the Mantchurian sub-region of 
the Palsearctic, (4) Madagascar, (5) Tropical Pacific, and 
(6) New Zealand, characterised of course as far as the 
true lizards are concerned by negative characters. It is 
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interesting to notice that the lacertilian fauna of Africa 
attaches itself to that of the western Palsearctic region; it 
has often been remarked that Europe is really African in 
its affinities; this however has been to a large extent 
disguised by the destruction of animal life or its removal 
due to the glacial period. It will be remembered that 

^ before the glacial period and during the interglacial 

periods (?) there were Hippopotami, Hyaenas &c in 
Europe. Mr Boulenger unites Australia with the Oriental 
region, an union which is confirmed by the consideration 
of other groups of animals of some age, e.g. earthworms 

> and crocodiles, and is accepted by botanists. 

The Distribution of Crocodiles. 

The distribution of the Crocodilia is very interesting, 
and on the whole fits in with the known laws of the 
distribution of animals. Fortunately one of our foremost 
authorities on the system of reptiles, Mr Boulenger, has 
recently summed up the existing knowledge of the range 
of the group in the British Museum Catalogue. He 
allows seven genera, Qavialis, Tomistomay Crocodilus, 
OstolcemuSy Alligator, Caiman and Perosuchus. There are 
eleven species of Crocodilus, three of Alligator, and five 
, of Caiman \ the remaining genera consist of a single 

species apiece. As might be supposed from the large 
number of species into which it is divisible, the genus 
Crocodilus has the widest range of all the Crocodiles. It 
occurs in all the tropical regions of both the Old and the 
New World. Alligator was believed until recently to be 
confined to America; but the existence of a Chinese 
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species, A. sinensis^ was made known in 1879. The 
Caimans and Perosv/chua are exclusively tropical American. 
Ostokemus is West African. Oavialis is confined to some 
of the rivers of India, while Tomistoma has only been met 
with in Borneo. 

Though the two latter genera by their elongated 
snouts suggest the Mesozoic Teleosaurians, it seems 
probable that Caiman and PerosuchtLS represent the 
most archaic among the existing Crocodilia. The reason 
for this opinion is that they alone possess a ventral as well 
as a dorsal armature of scutes, such as were developed in 
forms like the Wealden Bemissartia, in which the ancestor 
of both Crocodiles and Alligators is seen by some. To a 
feeble extent the ventral scutes are to be found in 
Alligator, and also apparently in Ostolc&inus, This, it 
will be noticed, is quite in accord with the wide but 
discontinuous distribution of those genera, which might 
almost on this account be put into a separate family. The 
presumption would be that formerly they were more 
widely spread, but that the process of time produced gaps 
in their ranks, leaving the present detached fragments. 
The existence therefore of an Alligator in China is not so 
remarkable if this point of view be borne in mind. 

As to the true Crocodiles of the genus Crocodilus, they 
are characterised also by the fact that there are constantly 
fifteen teeth only in the lower jaw ; the old idea that a 
Crocodile could always be distinguished from an Alligator 
by the fact that the fourth tooth in the lower jaw was 
received into a notch instead of into a pit in the upper 
jaw has been exploded by the discovery that in an 
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undoubted Crocodile, C. pcdvstris, both conditions may 
occur. The reduced number of teeth is another indication 
of the more modem character of the genus Grocodilus. 
The wide distribution of the genus is indicative of a 
younger and more vigorous stock, as is also perhaps the 
larger size of many Crocodiles as compared with Alligators. 
In Mr Boulenger's catalogue the measurement of no 
Alligator is stated to exceed 4^ metres, and they are 
generally much smaller than this ; on the other hand the 
Crocodile of Madagascar is said to reach a length of 
thirty feet, and generally the Crocodiles are large. If 
this view respecting the geographical and structural 
relations to the Crocodilia be the correct one it is 
significant that in this case as in so many others the 
archaic forms have chiefly gravitated towards South 
America. 

The bearing of the facts in the distribution of this 
order upon the generally recognised zoo-geographical 
regions seems to comply with a primary division of the 
earth's surface into Palaeogsea and NeogsBa; there is 
apparently less difference between the Oriental and 
Australian regions than between either of them and the 
Ethiopian, though the difference here is but slight. 
The fact that Crocodiles can traverse the sea is 
perhaps partly responsible for the absence of peculiar 
t}rpes in the Australian continent, which is connected 
with Asia by so many intervening islands. It is also 
perhaps a testimony to the age of the group as contrasted 
for example with the more modem mammals and birds. 
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The Distribution of Snakes. 

The following account of the range of this order will 
be limited to the Colubrine section, since Mr Boulenger's 
catalogue, whence my information is derived, has not yet 
reached the Vipers. The Colubrines, which are chiefly 
though not entirely non-venomous serpents, may be divided 
into seven families, the Typhlopidae, Glauconiidse, Boidae, 
Ilysiidae, Uropeltidae, Xenopeltidse and Colubridae. Two 
of these families, the UropeltidsB and Xenopeltidae, are 
entirely confined to the Old World; the former family 
contains only seven genera of burrowing snakes which are 
limited in range to Ceylon and other regions of India. 
The Xenopeltidse is a still smaller family, for it contains 
only a single genus and species, which occurs in S. E. Asia. 
The other families are more or less cosmopolitan. The 
two largest of these are the Boidae and the Colubridae. 
The BoidsB are again subdivisible into two groups, the 
true Boas and the Pythons. The latter are nearly entirely 
Old World in habitat, the only exception being the Mexican 
Loxocenius. On the other hand the Boinaa are nearly as 
exclusively American; out of the thirteen genera which 
Mr Boulenger allows in the sub-family six are purely 
American, one belongs to the Australian region, one is 
common to Asia and Africa, and two genera, Casarca and 
Bolieria, consisting of a single species apiece are restricted 
to Bound Island near to Mauritius ; there remain the two 
genera Corallus and Boa\ these are remarkable for the 
fact that while both are almost entirely American or 
Antillean in range they contain one or two species which 
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are found in Madagascar, a state of affairs which is paral- 
leled in some other groups. 

On the whole the snakes emphasise the necessity of 
drawing a sharp line between the Old and New World, as 
indeed do all the reptiles. 

Distribution of Batrachia. 

While the Urodele Amphibia are limited to the 
northern hemisphere, the frogs and toads have a nearly 
world-wide range ; the only places where they are uniformly 
rare are true oceanic islands ; as will be explained, facilities 
for crossing the sea are entirely wanting. The occurrence 
therefore of a true frog in the Solomon islands is one of 
the chief proofs, from the zoological side, that this island 
is not a real oceanic island ; a species which occurs in that 
island (there are eight others) is the largest of all existing 
frogs and toads and is known as Rana guppyi. The Fiji 
islands possess three species of the genus of frogs Gomufer, 
This family, the Ranidse, is nearly cosmopolitan ; but the 
toads comprised in the family Bufonidse are more nearly 
completely cosmopolitan. The tree frogs, Hylidse, are also 
very widely distributed ; but as is natural they find their 
greatest development in " Dendrogsea," the Neotropical 
region. Oddly enough these often purely arboreal crea- 
tures, some of which do not even lay their eggs in pools, 
are totally absent from the forests of Africa, indeed from 
the Ethiopian region altogether. The lowly organised 
group of frogs, Aglossa, comprise two families, the Pipidse 
and the Dactylethridse ; the latter are in more than one 
particular near to the tailed Amphibians; they are, for 
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instance, more thoroughly aquatic than the Banidse ; they 
sprawl about awkwardly on land instead of sitting up in 
the alert though broken-backed fashion of other frogs; 
the eggs too are laid not in masses as are those of the 
common irog, but singly as in the newt. This family is 
restricted to tropical and southern Africa; the Pipidae 
including only the genus Pipa, in which the female 
harbours the young in holes in the skin, is Brazilian. 
Two families, Amphignathodontidse and Hemiphractidse 
are peculiar to the Neotropical region. The family of the 
Cystignathidse are remarkable in being found in the 
Neotropical and Australian regions ; the family contains a 
large number of species of which several have the habits 
of the tree frogs ; and one genus has been on this account 
termed Hylodes, A very characteristic member of this 
feimily is the "Barking toad" of South America, Ceratophrys 
omatiiSf of which specimens may be always seen at the 
Zoological Society's gardens. Another instance of discon- 
tinuous distribution is offered by the family Discoglossidse, 
which occurs in all the sub-regions of the Palsearctic 
region and has a single representative in New Zealand, 
viz. lAopehna hoctistetteri. Resemblances between South 
America and Madagascar are shown here, as in some other 
groups of the animal kingdom. The family Dendrobatidse 
are represented by two genera Mcmtella and Stumpjffia, 
comprising five species, in Madagascar, and by the genus 
Dendrobates in South America. On the whole the Neo- 
tropical region is most abundantly inhabited by peculiar 
forms. Out of the fourteen families allowed by Mr 
Boulenger no less than ten are found in that realm and 
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as already mentioned four are absolutely confined to it. 
No other region has more than seven of the families 
found in it. And the Ethiopian is the only other region 
which has a family all to itself, viz. the Dactylethridse. 
The Ethiopian and the Oriental regions are allied by 
their Batrachian £a.una. Madagascar for example shares 
with the Oriental region nearly all its genera ; the Ranid 
genus Rhacophorus is characteristic of the east, where it is 
represented among other species by the flying frog, R, 
reinwardti, the size of whose hind limbs and the amount 
of webbing between them is said to have increased 
progressively in illustrations of the animal. The family 
Discophidse is limited to these two regions; indeed but 
for a single Burmese species it is purely Mascarene. 

The Distribution of Scorpions. 

It is greatly to be wished that other specialists would 
do as Mr Pocock has done and put together a brief account 
of what is known respecting the geographical range of 
their groups. In a recent number of Natural Science^ 
we have an epitome of the distribution of scorpions. 
The existing genera, 60 in number, are divided among 
eight families. All of these are tropical or sub-tropical in 
range. No scorpions are found in the more northern 
latitudes and they are entirely absent from New Zealand. 
On the other hand they occur in Patagonia. In Europe 
the northernmost limit is the south of France and the 
shores of the Mediterranean generally. In Asia lat. 40"" 

^ May, 1894. 
B. Z. 4 
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marks their northern limit. In America they do not, 
according to Mr Pocock, get quite so far north as this. 
Although the scorpions are an extremely ancient race, 
beginning in the Silurian, and occurring there and in the 
Carboniferous in the shape of forms which hardly differ 
from existing species, the modem representatives show a 
range which corresponds with that of existing continents. 
The existing scorpions are nearer to the carboniferous 
Anthracoscorpii in that the feet terminate in two claws 
instead of in the single claw of the Silurian PcdcBophonus, 
which Thorell has relegated to another group, the Apoxy- 
podes, reserving the name Dionychopodes for the others. 
Mr Pocock' deduces from a comparison of the slight differ- 
ences in structure between the ancient and the modem 
forms certain facts of structure which may be looked upon 
as archaic ; though these seem to those accustomed to the 
structure of other groups very minute it is evident that 
we must be content with them owing to the already 
mentioned homogeneity of the group. In the most ancient 
scorpions the lateral eyes are behind the median eyes, 
which are placed at the front edge of the thorax. We 
should regard therefore those scorpions in which the eyes 
approximated most to this primitive position as the oldest. 
Another point is the pentagonal sternum which though 
lost in many adults reappears invariably in the young. 
Finally the existing Buthidae contain genera in which 
there is a spur upon the fifth joint of the last two pairs of 
limbs, a structural feature which gets its importance from 
the fact that it has also been described in the Silurian 
Paiceophonus, Indeed it is the Buthidae which show to a 
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greater extent than any other family all these three 
archaic characters. And in correspondence with this we 
find them ranging widely with many peculiar genera in 
different parts of the world. The different regions differ 
considerably in the richness of their scorpion fauna. 
Naturally — considering the tropical proclivities of the 
family — the Palsearctic region shows the fewest peculiar 
generic tjrpes; Mr Pocock only enumerates eight; but 
some of these range further into Africa than it is customary 
to allow the Palsearctic region to extend, the northern 
limit of which is placed considerably below the tropic of 
Capricorn. AMca is very rich in scorpions ; unfortunately 
those of Madagascar are but little known ; what is known 
however tends to emphasise the peculiarities of this great 
island; two peculiar genera Orosphus and Tityobnthtis, 
belonging to the Buthidse, are there to be found. In the 
Ethiopian region, apart fix)m Madagascar, there exist no 
less than nine peculiar genera exclusive of the two just 
mentioned besides four that get into other regions. The 
Oriental region is on the whole very distinct from the 
Ethiopian though naturally they have some forms in 
common. Six genera are confined to the region. Of the 
five that are not, three are also partly Ethiopian ; two of 
those are also Australian, viz. Isometrus and Archisome' 
trus; while Hormurus just gets across "Wallace's line." 
In the Australian region there are altogether seven genera, 
of which only three are peculiar and all of these three are 
limited to what Mr Pocock calls the Australian sub-region, 
i.e. the continent of Australia. The range of the scorpions 
in fact rather supports what I have said concerning the 

• 4—2 
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range of earthworms — ^that the Australian region should 
be limited to the continent of Australia itself. It has 
been mentioned that several of the genera of Old World 
scorpions range into as many as three regions. We find 
however no community at all between the scorpions of the 
Old World and those of the New, excepting in the single 
case of Cercophonius which has an Australian representa- 
tive. There is too a considerable difference between the 
Nearctic and the Neotropical. Only two genera are common 
to the two, viz. Centrurua and Diplocentrus. The Nearctic 
which is only that portion of the Nearctic termed 
Sonoran by Hart Merriam is inhabited by three other 
genera. On the contrary the Neotropical region is ex- 
ceedingly rich in scorpions. Mr Pocock mentions twenty- 
two genera. As to families there is one, that of the 
Chactidse, which is absolutely confined to the Neotropical 
region. 

To express the distribution of the scorpions in accord- 
ance with the facts it would therefore be necessary first of 
all to separate the Old ifrom the New World and then to 
divide them into regions which apart from details resemble 
those of Mr Sclater. The distribution of these animals 
lends no assistance whatever to some of the suggested 
continents that have been referred to. There is no re- 
semblance between those of South America and South 
Australia. And as already mentioned there are no 
scorpions at all in New Zealand. But it must be borne 
in mind that at present there is no information concerning 
the scorpions of Patagonia, whence information of an 
important character may come. There is however a close 
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resemblance between the South African genus Opisihocen- 
tru8 and the Panaman OpisthcLcanihus, and between the 
only two genera of the Diplocentridsd, Diplocentrus and 
the Arabian Nebo. This may be merely a relic of former 
wai'm periods prevailing in the north, of which the 
existence of Tityus in amber of the Baltic is a further 
indication. This genus now occurs south of the tropic of 
Capricorn, thus indicating a state of climate favourable to 
the migrations of scorpions by Behring's Straita 

The Distribution of Land Planarians. 

This group of worms is one that should be of great 
use to the student of geographical distribution. The land 
Planarians are of course of an ancient stock though 
the modem representatives may be recently derived from 
some one branch of this stock. They are purely terres- 
trial animals, always an advantage in considering the 
problems of Zoogeography; and finally it is probable, 
though it is uncertain whether there are any actual 
facts that can be alleged in support of the contention, 
that the animals, having a coating of cilia and secreting 
from their skin a slimy mucus, would be destroyed by 
contact with salt water. It is however only recently that 
attention has been actively directed towards the study of 
this group of the Planarian worms. The late Prof. 
Moseley took advantage of the opportunities afforded him 
during the cruise of the "Challenger" to collect and 
describe a considerable number of new forms ; the litera- 
ture which he gives of the subject in his paper ^ shows 

^ Quart, Joum, Micr, Set, Vol. xvii. 
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how little had been done in the matter before his time. 
Nevertheless what was accomplished by him and by Dendy, 
Spencer, von GraflF and the others who have succeeded 
him has brought to light a good deal; we ai*e in a position 
to say something about the range of the group. The land 
Planarians are as is known an artificial group ; they em- 
brace the terrestrial forms among the Triclad Turbellaria. 
The most familiar form in the whole group is the cele- 
brated Bipalium kewense, which is an absolute cosmopolite; 
it has been found in many localities in England such as 
Kew whence it was first obtained, the Zoological Gardens, 
&c. It has turned up on the continent, in Brazil, Australia 
and elsewhere; but its real home appears to be the 
Fijis. With this exception, which is probably due to 
artificial importation, there is no species of land Planarian 
which is so widely spread, indeed no species has a great 
range at all even in the country which it inhabits. Mr 
Dendy has^ pointed out from his study of the Australian 
species that "out of twenty-nine known Australian species, 
nearly equally divided between the colonies of Victoria 
and New South Wales, only three have been found in both 
colonies"; he goes on to remark with justice "that the 
land Planarians however widely they may be distributed 
as a class do not enjoy wide specific area of distribution." 
This fact of itself makes them exceedingly valuable as 
examples of the importance of an invertebrate group in 
contributing towards the solution of the problems of Zoo- 
geography. So far as we know at present there are three 

1 Trans. Roy. Soe. Viet. 1890, p. 66. 
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main groups of these worms ; the Rh}mchodemi(l8e, with 
two eyes, the Geoplanidae with many eyes and the 
Bipaliidsd with four eyes and a hammer-shaped head. 
Bifalium, with the exception of the jHrobably accidentally 
imprted B, kewense, ab*eady referred to, is confined to 
Chiia, Borneo, Bengal, Ceylon and the Oriental region 
generally. Oeoplana is Australian, S. African, Japanese, 
NeiK Zealand, South American; and recently two species 
hav€ been described among the rich material collected by 
Dr Max Weber in the Dutch East Indies. Curiously 
enoigh that naturalist, so Dr Loman^ tells us, was quite 
unaole to discover any land Planarians of any kind in the 
island of Celebes, although he searched for them with 
great care. Cotyloplana, also belonging to the same divi- 
sion of the genus, is confined to Lord Howe Island, whence 
it was brought by Prof. Spencer. The genus Goehplana 
of Moseley is included by recent writers in Oeoplana. A 
species of Oeoplana was described by the late Dr Gulliver 
from the island of Rodriguez. In all probability this 
genus of such wide range will bear splitting up. But in 
the meantime Prof, von Qraff notes that it is mainly 
developed in South America. Not less than 68 of the 125 
species known to Dr v. Qraff are inhabitants of the conti- 
nent of South America. Bhynchodenms has also a wide 
range. It is met with in Europe, at the Cape of Qood 
Hope, in Australia, in North and South America, Ceylon, 
Samoa, and the Dutch East Indies. Other genera are the 
European Oeodesmus, Microplana described by Vejdovsky 
from dung hills, Oeobia svhterranea of Brazil which as its 

^ Zoolog. Ergebn. Max Weben ReUe. 
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name denotes lives under ground and subsists upon earth- 
worms — as do indeed many, of the species, which are for 
the most part carnivorous. A species in Europe which 
nourishes itself upon fongi has however been recorded. 
The two genera Leimacopsis and Polycladus are recorded 
from the Andes ^ and the former at any rate is the fcype 
of a group distinct from any of those that have been 
mentioned. Moseley described from the Philippines the 
peculiar genus Dolichoplana, Now it will be obseved 
that the bulk of the species belonging to the GeoplaaidaB 
are South American and Australian. Only a few rmge 
to the north of those land masses. This may be a fact of 
some importance. The reader will have already mgxle 
himself acquainted with the division of the earth proposed 
by Mr Huxley. The Qeoplanidse are almost exclusively 
restricted to his Notogsea; and this restriction agrees 
with that of certain other ancient forms of terrestrial 
animals such as the Marsupials. The distinctness of the 
Oriental region as shown by the land Flanarians is also 
remarkable. It would not of course be remarkable if we 
were dealing with a modem group ; but the wide range of 
Oeoplana is so far an argument that we are dealing with a 
fairly ancient group. 

Altogether it seems to be evident that when the land 
Flanarians come to be more extensively known they will 
yield a highly valuable body of facts; in the meantime 
this slight sketch of their distribution may serve to il- 
lustrate the impossibility of laying down hard and fast 
regional districts to apply to every group. 

^ Sohmarda, Neue wirheUou Thiere, 1861. 
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The Distribution of Earthworms. 

The geographical distribution of the earthworms offers 
an instance of a group that is now fairly well known and 
is at the same time in all probability a moderately ancient 
group. It has too exceptional qualifications for careful 
consideration in relation to the theories of past changes of 
land in connection with the range of existing forms. 
As a rule earthworms are killed by salt water; there 
are exceptions such as the genus Pontodrilus which 
actually lives upon the sea shore within range of at least 
the splashing of the waves, and it has been asserted that 
a few species in Ceylon (not named) can withstand the 
action of sea water. But with these exceptions the oceau, 
even when in the form of a narrow strait, is an insuperable 
barrier, which is more effective than any other. As worms 
have been met with at great heights upon the mountains, 
there seems to be no particular difficulty in their extend- 
ing their range by crossing mountain chains; probably 
also rivers and large lakes are not untraversable ; experi- 
ments show that earthworms can be kept for some days 
immersed in fresh water and yet retain their vitality, while 
there are a good many instances not only of true earth- 
worms (in structure) which habitually live in the water, 
but there are species which live with equal ease in water 
and on dry land. This is true of the European Alluriba 
tetrcedrus and of several species of Acanthodrilus. An 
arid desert would doubtless prove as effectual a barrier to 
migration as the sea. The only defect in this group with 



68 FAMILIES OF EARTHWORMS. [CH. I 

regard to the problems afforded by geographical distribu- 
tion is the entire absence of any knowledge whatsoever 
about extinct forms. We cannot therefore compare the 
past with the present. 

Earthworms are divisible into seven families : — Crypto- 
drilidse, PerichsetidsB, Acanthodrilidse, Eudrilidse, Geo- 
scolicidse, Moniligastridse, and Lumbricidsd. Of these the 
first three are very nearly related and may be united into 
one super-family Megascolicida^, which possibly is really 
equivalent to any of the other families Eudrilidse &c. 

The Cryptodrilidse are world-wide, but most abundant 
in the Australian region and in South America. The 
Perichsetidse are chiefly Australian and Oriental, but 
occur in the Neotropical and Ethiopian regions. The 
Acanthodrilidse are mainly massed in New Zealand, 
South America, and Africa ; they are also found, though 
rarely, in Australia, Malaya and North America. The 
Eudrilidse are absolutely confined to Tropical AMca, 
the QeoscolicidsB to Tropical South America, Tropical and 
Southern Africa, just reaching Europe and Malaya. The 
LumbricidsB are probably only indigenous in the Nearctic 
and Palsearctic regions. 

But it is necessary to go into further details to bring 
out the salient facts in the distribution of the Oligochseta. 

The list, which I shall now give, is freed from obvious 
importations like the Lumbricidse of exotic range dealt 
with elsewhere. The same kind of argument removes 
the Perichaetidse from the Nearctic and Palsearctic 
regions. Two genera belonging respectively to the Geo- 
scolicidse and Eudrilidse, viz. Pontoscolex and Evdrilus are 
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of world-wide range ; but it is to be noted that the same 
species exists everywhere, and that they are among the 
most abundant of species in accidental or purposeful 
importations of worms, thus arguing not only great 
probability of their accidental introduction but showing 
clearly that they can easily survive a long journey. This 
is as far as I think it safe to go at present, but Michaelsen 
goes further and would confine the genus PerichcBta to 
the Old World and the genus Benhamia to the Ethiopian 
regioV The genera of earthworms are thus distri- 
buted : — 
Palsearctic. Lumbricus, A llolobophora, A lluni8 (L) ^ Ponto- 

driluSy Microscolex (C), Hormogaster (G). 
Nearctic. Limibricus, Allolobophora, Allurus (L), Mega- 

scolides, Ocnerodrilua^ Microscolex (C), IHplocardia, 

Benhamia (A). 
Oriental. Perichosta^ Mega^coleXy Pleionogaster, Perionyx 

(P), Benhamia (A), Olyphidrilua, Annadrilus (Q), 

TyphoBuSy Deodrihs (0), Moniligaster, Desmogaster 

(M). 

Ethiopian. All Eudrilidse, Microchceta, Kynotue^ Siphono- 
gaster, IlyodriluSy Bilimba, Callidrilus (Q), Benhamia^ 
Acanthodrilua (A), Megaacolex, Perionyx (P), Mill- 
sonia, Ocnerodrilits, Oordiodrilus (C). 

Neotropical. Mhinodrilus, Anteus, Oeoscolex, Tykonus, 
UrobenuSy Pontoscolex, Onychochasta, Diachosta, Tricho- 
chcBta (G), Microscolex, Ocnerodrilus, Oordiodrilus (C), 
Acanthodrilus, Kerria (A), Perichasta (P), Monili- 
gaster (M). 

^ The capital letters in brackets indicate the family. 
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Australian. Perichcetay Megascolex (P), Cryptodrilus, 
Megascolides, DichogaMer, Microscolex (C), Acantiio- 
drUuSy OctochoBtus, Deinodrilua (A). 
The above list shows how well marked the regions 
are; but it loses half its significance without further 
explanation. New Zealand is really very different from 
Australia; it has practically only AcanthodrilidsB ; con- 
fined to it are the genera OctochcetuSy Plagiochceta and 
Deinodrilus, and but of the eleven species of Acanthodrilus 
found in the region eight are New Zealand and only three 
Australian; Microscolex only just gets into Australia, 
which is characterised by its Perichaetidae (feebly repre- 
sented in New Zealand), and by the genera Gryptodrilvs 
and Megascolides. The Neotropical region is really 
divisible into two ; the southern half including the greater 
part of the Argentine and Chili has only Acanthx)drilu8 
and Microscolex, while the Geoscolicidse are confined 
to the tropical regions. There is thus the closest 
resemblance between South America and New Zealand 
which is accentuated by the fact that in intervening 
locaUties— South Georgia, the Falklands, Marion and 
Kerguelen islands— only Acarvthodrilus exists. These 
evidences in favour of an antarctic continent are referred 
to again later. The tropical regions of Africa and America 
agree in the presence of the Geoscolicidae which only just 
reach Europe and the Oriental region; moreover the 
African genera fall into a natural sub-family distinct from 
that which contains the American forms. This fact again 
has its counterpart in the Edentata among Mammals and 
in some other groups. 
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The family Perichsetidss shows some remarkable 
distributional facts. It may be divided perhaps into 
five genera all of which have the complete or nearly 
complete circle of setae which characterise the family; 
but they diflFer in other particulars. Megascolex and 
PerichcBta have the nephridial system arranged in what 
I have termed the diffuse fashion; they are in Mr 
Benham's terminology " plectonephric." In them there 
is not a definite series of paired nephridia, but an 
infinity of minute tubes which open on to the exterior by 
innumerable pores in each segment. On the other hand 
IHporochceta and Perionyx have the normal paired 
nephridia. The genus Perichceta is also to be dis- 
tinguished by the fact that very nearly all the species of 
the genus have a pair of caeca arising from the intestine 
at about the twenty-fifth segment. Now in Australia the 
prevailing forms are Megascolex and Diporochceta, Peri- 
chcBta does occur, but there are not more than two or 
three species. ZHporochoeta just gets into New Zealand. 
As we pass from Australia into the Oriental region the 
genus Megascolex is replaced by Perichceta which is the 
prevalent type not only of the family but of earthworms 
in general in the islands of the Malay Archipelago and 
the continent of India. Megascolex however lingers on, 
just fading away in Madagascar. The Oriental region is 
further characterised by another genus Perionyx which 
agrees with Diporockceta in the regularly paired nephridia 
but differs in the fact that the glands into which the 
sperm ducts open before reaching the exterior have a 
coarsely lobate arrangement instead of being coiled tubes 
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of equal calibre throughout This genus just gets into 
the Ethiopian region where it is represented by the 
species Perionyx zanzibaricus, and possibly by another at 
Durban. The true Perichceta is rare in Africa but 
reappears on the opposite side of the Atlantic in Tropical 
America and the West Indies. As there are a con- 
siderable number of species on one side of the Atlantic 
which are not found upon the other it seems likely that 
the genus is indigenous in the New as in the Old 
World. 

It is held by some that the characteristic mark of the 
Ferichffitidse, the continuous circle of setsB amounting 
often to more than one hundred in a single segment, is a 
primitive arrangement from which the more general eight 
set» per segment can be derived by reduction ; at present 
however the matter is one which cannot be definitely 
decided. If it prove ultimately to be the correct view, it 
is noteworthy that the genus, like other ancient forms, 
has a wide and discontinuous distribution, starting in the 
Old World, and skipping Africa and Europe almost 
entirely to reappear in the more tropical parts of America. 
Moreover it is significant that in this group, as with the 
mammals, Australia has the more ancient forms. 

The family Geoscolicidse present some interesting 
facts in their distribution. The family is one of the more 
modem, on the view that I take myself of the afiinities of 
the group. The spermathecse have lost or at any rate do 
not possess the diverticula so characteristic — practically 
universal — ^in the Megascolicidse. In this they agree 
with the European Lumbricidse — our common earthworms 
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in this country — in which the spennathecse are oval or 
roundish pouches without any cssca attached to them. 
But the Geoscolicidae agree with the majority of earth- 
worms to differ from the LumbricidsB in that the gizzard 
is as it were strung upon the cesophagus, instead of lying, 
as it does in iMwhricuSy at the junction of oesophagus and 
intestine. The nephridia are always paired; but the 
setae differ from those of the Lumbricidae in being nearly 
always ornamented with raised ridges or sculpturing of 
some sort; moreover there is frequently a difference 
between those which occur on the segments of the 
clitellum and those which are found elsewhere upon the 
body. The GeoscolicidsB of AMca belong to the genera 
MicrochcBta, Siphonogaster, Ilyogenia and Callidrilus. I 
have already referred to Kynotus of Madagascar which 
is allied to these but still is different from any of them. 
The family extends in the Old World into the Malay 
region where it is represented by the two allied forms, 
perhaps hardly generically separable, Olyphidrilvs and 
Annadrilus. It is represented in Europe by Hormogaster, 
whose affinities are uncertain. Putting aside Siphono- 
gaster, which is a remarkable and isolated type with two 
extraordinary processes of the ventral body wall which may 
be of the nature of penes, and Ilyogenia which may be, as 
has been suggested by Dr Michaelsen, really a repre- 
sentative of another family which has got to resemble the 
(jeoscoliddaB by convergence, all these Ethiopian and 
Oriental genera are alike in having a great number of 
small spermathecsB in several segments of the body and in 
having for the most part a glandulo-muscular structure at 
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the outlet of the sperm ducts and ofteo a eeries of gknds 
which have been called for want of a hetter name " copu- 
latory" glands which show a structure identical with that 
of the glands at the end of the male ducts. In tropical 
Sonth America and in the West Indies are the following 
genera belonging to this family : — Qeoscolex, Anteus, 
Shijwdrilus, Urobenus, Pontoacolex, Onychochteta, Tricho- 
ckceta, DiacfuBta, Tykimua. These genera, if they possess 
spermathecse, which they do as a rule, have them paired as 
in the majority of earthworms. A representative of this ' 

group Sparganopkilus haa been lately discovered by Dr 
Benham in the Thames, and Criodrilus, usually referred 
to the Lumbricidse, perhaps belongs to the group, though 
its position cannot be at present regarded as certain. It 
is likewise European. It is a remarkable tact that 
the West Indian genera present considerable differences ] 

from the genera found on the mainland of South 
America. All of them, viz. Pontoscolex, Onychockasta, 
' Diachceta and Trtckockwta have always, or nearly always, 
the setfe throughout the body or of the posterior segments 
arranged in an irregular fashion though there are only 
the usual eight per segment. The existence of peculiar 
American forms in the West Indies and of peculiar { 

African forms in Madagascar is paralleled in other groups | 

of the animal kingdom. Pontoscolex it is true also occurs i 

in South America ; but it is so universally distributed a 
form that its exact habitat is a matter of some doubt and > 

may ay well be the West Indies as any other place. On 
the hypothesis that the Geoscolicidfe are comparativt 
speaking a modem group, their total absence &om 
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Australian region is a matter of moment, and recalls other 
distributional facts. 

Not less interesting are the distributional factS^^n- 
ceming the Acanthodrilidse. This family is divisible 
into the following genera : — Acanthodrilus, Bevihcmvia, 
Octochc&tvSy Diplocardia, Deinodrilus, Kerria and Plagio- 
chceta. The family itself is separable irom. all other 
earthworms by the fact that, with the single exception 
of the species Acanthodrilits monocystiSy formerly placed 
by me in a distinct genus Neodrilus, there are two pairs 
of spermiducal glands, which have not, as they have in 
nearly all other earthworms, a near connection with the 
sperm ducts, but open actually on to different segments 
from them; these segments are XVII. and XIX. the 
sperm ducts reaching the exterior by a pore situated 
upon segment XVIII. The two pairs of glands as well as 
their position are the distinguishing features of the family. 
The further division of the family into genera is in some 
respects not an altogether easy task. DeinodrilvjS is to be 
at once distinguished by the fact that it has the imique 
character of having twelve setae in each segment of the 
body; Plagiochceta has a larger number still, as in the 
PerichaetidsB ; but the genus could not be confounded with 
a Perichaetid by reason of the fact that these setae are 
disposed in pairs. Benhamia, Acanthodrilus and Octo- 
choetus are with more difficulty separable; Benhamia and 
Octochcetus have the excretory organs on the same plan 
as those of the majority of the Perichajtidae ; they are 
extremely numerous in each segment of the body and 
open on to the exterior by very numerous pores on each 

B. z. 5 
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segment. Acanbhodrilus has the usual paired series of 
nephridia. Kerria is a genus which is absolutely re- 
stricted to America; it is noteworthy on account of the 
fact that it shows in several particulars evidence of 
degeneration. Thus there is only a single pair of cal- 
ciferous glands in the ninth segment, a character which 
it shares with several of the more simplified genera of 
CryptodrilidaB, such as Oordiodrilua \ the tubular glands 
which open in common with the sperm duct are lined by 
a single layer of cells instead of the thick layers so closely 
resembling those of the clitellum which are found in the 
majority of the remaining genera of earthworms. 

The three genera OctochoBtiLS, Deinodrilus and Plagio- 
chceta are absolutely limited in range to New Zealand, 
which may be considered to be the head-quarters of the 
family, as it also possesses a fair share of the known 
species of Acanthodrilus, Only three species of the latter 
genus are found in Australia, and it is a noteworthy fact 
that these three exist in Queensland and the neighbourhood 
of Torres' Straits, on the side in fact which is turned towards 
New Zealand and which has been probably at one time, 
no doubt remote, joined to New Zealand. The remaining 
species of Acanthodrilus are with a very few exceptions 
inhabitants of the more southern regions of the South 
American continent. They abound in Patagonia; but 
they do not, on the east side of that continent, get 
further north than Montevideo; on the other hand in 
Chili the genus extends considerably further north. The 
exceptions that have just been referred to relate to 
Kerguelen, Marion Island, the Cape of Good Hope, and 
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New Caledonia; in all of these countries there is one 
species apiece of Acanthodrilus, This genus is unusual 
though not unique among earthworms by reason of the 
fact that it is largely aquatic in habit though mainly 
terrestrial ; even the same species, as for example Acan- 
thodrilua georgianuSy may be at once aquatic and terrestrial. 
This naturally adds to their facility for dispersal. The 
genus Benhamia is almost entirely African, that is to say 
"Ethiopian," in range; it is true that one species, 
Benhamia bolavi, has been met with in Europe ; but there 
can be hardly any doubt that this species has been 
accidentally imported ; there are also two or three species 
in Mexico and the East Indies ; Dr Michaelsen thinks that 
these owe their presence in the countries mentioned to 
the effects of commerce and not to their own unaided 
exertions. Finally in North America there is the singular 
and somewhat aberrant genus Diplocardia, which consists 
of but a single species. 

The most remarkable case of a restricted distribution 
among the Oligocheeta is the family Eudrilidae, which with 
the single exception of the genus Eudrilus is not to be 
met with outside of the Ethiopian region. As this genus 
Eudrilus is one of the commonest forms in gatherings of 
earthworms from several parts of the world, and as the 
species found outside Africa do not differ specifically, I am 

disposed to regard Africa as the proper home of this genus 
also, and to look upon the exotic specimens as having been 
accidentally carried thither. So far as our present know- 
ledge goes, there are no forms outside of Africa which show 
any particular resemblance to the Eudrilidae. This family 

6—2 
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is marked out from all others by the fact that the ovaries 
are nearly always contained in special sacs, which are 
developed at the expense of the septa, and whose cavities 
therefore are true body cavities; and that these sacs 
communicate with the exterior by the oviducts or by 
special orifices or by both. In several genera the neph- 
ridia, which are, as in the Lumbricidae, paired structures, 
a pair to each segment of the body, branch copiously in 
the thickness of the body wall, opening on to the exterior 
by many pores in a single segment. There are other 
peculiarities of structure which mark out the Eudrilidse 
as one of the most isolated of families and therefore the 
Ethiopian region as, from the point of view of its earthworm 
inhabitants, one of the most peculiar of regions. It is 
noteworthy, seeing that recently many of the West African 
animals — for example the Chimpanzees — have been shown 
to extend into East Africa, that the genera of earthworms 
belonging to this family are not common to both sides of 
the continent. We have on the west coast the genera 
HeliodrUus, Hypriodrilus and LybiodrUus among others ; 
on the east coast Stuhhnannia, Polytareutus, Evdriloides 
and Notyhis, &c. &c. 

The femily Cryptodrilidae is as has been already re- 
marked nearly cosmopolitan. But the various genera of 
which the family is made up are none of them of so wide 
a range. Most of the principal regions have their peculiar 
genera ; but the South American forms range also into New 
Zealand. These species belong to the genus Microscolex 
which occupies pretty nearly the whole of the South 
American continent and the warmer parts of the Nearctic 
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region. There are altogether some nineteen species of the 
genus of which those that are not American are from New 
Zealand; two species are Algerian, and they are closely 
allied to two American forms that have been met with in 
Australia, in Italy, and in the island of Teneriffe. This 
unusually wide range of the species in question seems to be 
possibly another case of accidental importation by man. In 
North America there are a few species assigned by Dr 
Benham and Dr Eisen to the two genera PluteUua and 
Argilophilus which I cannot differentiate from the purely 
Australian genus Megdscolides, a genus which contains one 
of the largest earthworms at present known — the giant 
earthworm of Oippsland — ^a creature which grows to a length 
of six feet. In addition to this genus, which just gets into 
New Zealand with a single species, Australia has limited 
to itself the genera GryptodrUvs, Digaster and Trinephrus ; 
the latter genus I have thought it advisable to separate 
from Cryptodrilus on account of the extraordinary fact 
that its members have in each segment of the body three 
pairs of nephridia. The division of the genera of Australian 
Cryptodrilidae is however a matter of the greatest diflScuIty. 
In any case it appears to be clear that with the exceptions 
mentioned these genera do not extend beyond the Austra- 
lian region and hardly beyond Australia itself. The 
Oriental region is also fairly well off in worms belonging 
to this family which are referable to the genera Deodrilus, 
TyphcBus, Microdrilus. Africa has several peculiar forms, 
including Millaonia, OordiodrUvs and two species which 
Michaelsen has referred to my Fijian genus Dichogaster, 
but which may be really members of a different genus ; at 
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present our knowledge of their anatomy is not suflScient 
to decide the point definitely. In America besides the 
genus Microscolex already described we have the bulk of 
the species of the semi-aquatic genus Ocnerodrilvs, also 
found in Tropical Africa, and a species or two of the genus 
Pontodrilus, which is like no other earthworms except the 
ubiquitous genus Pontoscolex in living among the debris of 
sea- weed on the sea-shore. The other species of this genus 
live respectively in the Aru Islands, on the shores of the 
Mediterranean, and the North Sea, affording an example 
of the frequently wide range of forms whose habitat is a 
narrow area. This family of earthworms is one that is so 
difficult to classify in a satisfactory manner that it is not 
wise to draw any conclusions from its range except to 
point out the similarity between South America and New 
Zealand. 



CHAPTER II. 



ZOOLOGICAL GEOGRAPHY. 

In the preceding chapter a few of the more salient 
facts in the distribution of animals have been detailed. 
We can define an animal by its geographical position as 
much as by its structure. It follows that the converse is 
equally true ; each country has its own special inhabitants. 
One tract of country can be defined by its fauna and flora 
and thus distinguished fi'om another tract of country. 

A passage across the Straits of Dover lands us in a 
country which would seem at first sight to agree absolutely 
with our own in its animal inhabitants; a prolonged 
residence would however reveal the existence of a few 
species of animals not met with in Great Britain; but 
the general facies of the fauna would withstand the most 
prolonged scrutiny with a view to detecting diflFerences. 

We may journey across the entire continent of Europe 
without leaving a fauna generally like that which we have 
at home ; even the traveller in Japan will at once recog- 
nize many animals which are either the same or very 
closely allied to those with which he is familiar at home. 
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But there are greater differences between Great Britain 
and Japan than between France and Qreat Britain. 

In fact the more remote the tracts of country are 
from each other, the more diverse are their faunas. But 
there is no accurate balancing of distance and diversity of 
fauna possible ; a journey into Central Africa, shorter by 
hundreds of miles than that to Japan, will bring the 
traveller into contact with forms of life altogether 
different from those which occur in these islands. The 
elephant, the giraffe, and the anthropoid apes will testify 
to the change which has taken place in a journey com- 
paratively so short. In the Eastern Archipelago are two 
islands only separated by a few miles, Bali and Lombok ; 
traversing this narrow strait will produce an entire change 
in the fauna, greater even than that which is experienced 
by the traveller from Europe to Tropical Africa. An 
entirely new race of mammals will be met with, the 
marsupials; while the apes, camivora, and ungulate 
animals of the western parts of the Indian Archipelago 
entirely vanish or get exceedingly rare. 

Mr Sclater's regions. 

The first real attempt to divide the earth into regions 
corresponding with the range of its inhabitants is that of 
Mr Sclater^ 

His results were obtained entirely from a consideration 
of the Passerine and some of the Picarian birds. Never- 
theless the regions thus formed were found applicable to 

^ Joum, Lirm. Soc,, 1S57. 
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other groups and they have been for the most part 
accepted. Mr Wallace more than anyone else has ^vritten 
much in their support. 

It has however been insisted upon by many that these 
regions do not fit in with the facts of distribution of other 
groups. That their applicability to the Passerines and to 
those groups which they do suit is due to the fact that 
these groups are modern and that there has in all proba- 
bility not been much change in the relative distribution 
of land and sea since the groups in question came into 
existence. These regions however are more particularly 
unsuitable to older groups, which retain, so to speak, the 
impression of earlier conditions of land and sea. So much 
so that the agreement or non-agreement of a particular 
group with the regions instituted by Mr Sclater are in 
some degree a test of its antiquity. Even in the more 
modem groups the resemblance is not always striking. 
Nor could we really expect that it would be ; for a close 
resemblance would imply a similar place of origin, an 
identical series of migrations and backward migititions, 
and a susceptibility to precisely the same barriers and 
hindrances; these assumptions are evidently not to be 
thought of as well founded. So complicated are the 
conditions which govern the restrictions to migration and 
the facilitation of migration' that it would be impossible 
to conceive of there being in any one case close corre- 
spondence with another case. While therefore we cannot 
expect to find a series of cut and dried regions which shall 
express the known facts of distribution of all terrestrial 
groups, it is of some use to have a convenient system 
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whereby the &cts of distribution may be at once and with 
ease appreciated. 

Mr Sclater founded his regions mainly upon the dis- 
tribution of Passerine birds; but in a subsequent lecture^ 
upon the geographical distribution of the Mammalia he 
applied the same regions for the purposes of tabulating 
the distribution of that group of animals also. In 
considering the distribution of the existing Mammalia 
four salient &xsta are at once apparent. 

(1) Australia has both Monotremes and Marsupials. 

(2) America has Marsupials but no Monotremes. 

(3) The remainder of the world has Monodelphian 
Mammals only. 

(4) New Zealand has no Mammals at all. 

On this basis Mr Sclater divided the world as follows : 

I. Land where Monodelphs only occur ; no Marsupials 
or Monotremes. Europe, Asia, Africa, Asiatic islands 
down to Wallace's line, North America'. This land may 
be called Arctogasa. 

II. Land where Monodelphs and Marsupials occur; 
no Monotremes. America south of the Isthmus of 
Tehuantepec. This land may be called Dendrogasa. 

III. Land where Marsupials prevail ; no Monodelphs 
but rodents and bats; Monotremes. Australia. This 
may be called Antarcftogcea* 

IV. Land without Mammals (except bats)'. New 

1 **The Geographical Distribution of Mammals." Seietice Lectures 
for the People, 1874. 

' The common Opossam ranges however into this region. 
' For a possible exception see below. 
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Zealand and the Pacific islands. This land may be called 
Orniihogcea, 

Arctogsea is then subdivided into the well known 
Palsearctic, Ethiopian, Indian and Nearctic regions. But 
it is pointed out that these sections are not equal to the 
remaining and undivided Antarctogsea and Dendrogsea. 
The fourth section, Omithogsea, is necessarily left out of 
consideration altogether, as it contains no Mammals (with 
a trifling exception or two). A better name for this 
division of the earth's surface is perhaps that suggested 
by Prof. Lankester, viz. Atheriogsea, since it expresses the 
cardinal &ct in its zoogeography : which is not the posses- 
sion of a rich bird fauna but the absence of an indigenous 
Mammal fauna. 

Mr Huxley's regions. 

A study of the distribution of the Alectoromorpha led 
Prof. Huxley to suggest a diiSerent division of the world 
into regions. 

The Peristeropodes (the Cracidse and MegapodidaB) are 
confined to a range of country which includes continental 
Australia and some of the islands to the north, along with 
South and Central America; this tract of the earth's 
surface he termed Notogsea, the part lying to the north 
being called Arctogsea. Arctogaea is tenanted by the 
following &milies of birds which are at most but poorly 
represented to the south of the line already mentioned : — 
the PteroclidsB, OtidisB, Qruidse, VulturidsB, Upupidae and 
BucerotidsB. This area is almost coincident with the 
range of the Insectivora, and it is the head-quarters of the 
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Ungulata. Qonoid fishes are not found outside it. On 
the other hand the southern region has all the Ratitse 
(except 8truthio)y the Tinamous, the American Vultures 
(Cathartidse), the bulk of the Pigeons and the Parrots 
including the most peculiar forms of both, and nearly all 
the Trochilidse and Aptenodytidse. Such remarkable and 
isolated types of birds as the Palamedeidse, Psophiidse, 
Cariamidae and Opisthocomidse are also confined to it. 
Among Mammals it is characterised by the Marsupialia, 
the Platyrrhine monkeys, the Monotremata, and most of 
the Edentata. It is poor in Ungulata. 

This region of Notogsea is again divided by Prof. 
Huxley into three divisions, which he names Austro- 
Columbia, Australia and New Zealand. 

The most obvious criticism to apply to these, and 
which has been applied, is that they are quite out of 
proportion ; this is particularly the case with New Zealand, 
which has so few types of great importance as compared 
with Austro-Columbia. I do not however enter into any 
detailed criticism since the actual way in which the earth 
is divided up is so largely a matter of convenience — as is 
admitted on all hands. 

Other suggested regions. 

Some have wished to make a separate region of Mada- 
gascar, which has unquestionably a large number of 
peculiar types. Arctic and Antarctic regions commend 
themselves to many. 

Quite the most unsatisfactory region, in my opinion. 
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that has been proposed is the Polynesian adopted by Prof. 
Heilprin\ This is meant to include the scattered islands 
to the east of Australia, comprised between lat. 20 N. 
and lat. 40 S. Prof. Heilprin admits that this region is 
defined " more by negative than by positive characters," a 
necessary admission, though not convincing of the justice 
of framing it. He distinguishes it by the absence of all 
Mammalia except a few bats, Pteropidae and Vespertilio- 
nidse. The birds include no special families excepting 
only the Rhinochetidse and the Didunculidae and Drepani- 
didse. All the other families are either exclusively 
Australian types or are birds of a wider range, including 
Australia. Among lizards the most remarkable form is 
the Iguanid Brachylophus from the Fijis. The same 
islands harbour three species belonging to the frog genus 
Comufer and a toad, Bufo dialophiLS. If he includes, 
which appears probable though there is no definite 
statement upon the point, the Solomon Islands in this 
group, we can add to his list as distinctive of the " region " 
the huge Rana guppyi, a species of the Marsupial genus 
Gu8cu8, besides a crocodile, several snakes, and some more 
lizards and Amphibia. There is no remarkable assemblage 
of peculiar genera such as differentiate the other regions ; 
the differences that do characterise this so-called region 
are merely due to the isolation of the different islands 
which are either (as in the case of the Solomon Islands 
according to Blanford) remnants of former land connection 
with Australia or New Guinea, or oceanic islands which 
have been populated from the nearest mainland, Le. 

1 Called Nesogaea by Prof. Gill, Proe, Biol. Soc, Washington, Vol i. 
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Australia. That there should be peculiar genera is quite 
in accord with both these modes of origin ; but the fewness 
of the peculiar genera and their alliance with Australian 
forms seems to render it necessary to place the entire 
Polynesian realm within the Australian, and at most to 
regard it with Mr Wallace as a subregion (exclusive in 
this case of the Solomons). 

Mr Sclater's regions the most convenient. 

The question is, What system shall we adopt ? 

The ideal system would be one which agreed entirely 
with the distribution of land and sea and their inhabitants; 
but that is unfortunately impracticable. The next best 
is obviously the plan to try ; and Mr Sclater's regions are, 
with an exception here and there, coincident with the 
continents and larger islands. The great thing is not to 
dispute the standard to be taken, but to agree in holding 
to one standard. As a mere matter of convenience it is 
immaterial whether we join Europe, Asia, and North 
America into one Holarctic region, or use the current 
terms of Nearctic and Palseacctic for the Old and New 
World divisions of this extensive tract. What we want 
to do is to find a common outline into which the details 
can be inserted. Mr Wallace in a recent lecture upon 
the regions most convenient for adoption^ urges the 
retention of the Sclaterian regions for the following three 
principal reasons : — 

(1) They are founded upon and approximate to the 1 

great primary divisions of the earth, which there is reason 

1 Nature, 1894. 



^ 
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to believe have been permanent during considerable 
geological perioda 

(2) They are rich and varied in all the main types of 
life. 

(3) They possess great individuality; whether ex- 
hibited by the possession of numerous peculiar species, 
genera, or families, or by the entire absence of genera or 
families which are abundant and wide-spread in some of 
the adjacent regions. 

Mr Wallace admits that these regions are not quite 
perfect in all of these requirements, but they are more so 
than any other arrangement which has been devised. The 
Nearctic for instance is the poorest and the Neotropical 
region is the richest; there is not an absolute equality 
between any two ; nor could the world be split up so as to 
attain to that desirable end. It is a matter of the very 
smallest importance to wrangle over the division which is 
most natural ; as Mr Wallace says " there is no question 
of who is right and who is wrong in the nam'ng and 
grouping of these regions or of determining what are the 
true primary regions. All proposed regions are from 
some points of view natural but the whole question of 
their grouping and nomenclature is one of convenience 
and utility in relation to the object aimed at." 

It is clear that if our Zoological regions were to be 
constituted on the evidence afforded by the groups of 
animals whose range has been briefly sketched in its 
main outlines on previous pages they would not agree 
entirely with those of Mr Sclater or with each other. 

The Herpetological regions show a marked difference 
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in the first place between the Old and New Worlds : Asia 
and Australia are nearer together than either of them is 
to Africa ; and Africa is more nearly akin to Europe than 
to any other region. New Zealand forms a region quite 
apart from the others. 

The earth wojms on the other hand do not show so 
marked a distinction between the Old and the New 
Worlds ; indeed they oflfer the best evidence of any group 
in favour of the Holarctic region. The Ethiopian region 
is very distinct, perhaps the most distinct of all. The 
Australian region is barely separable from the Oriental. 
It is quite necessary, in order to emphasise the facts 
of distribution in this group, to constitute an Antarctic 
region embracing New Zealand and Patagonia. 

The Batrachians are again quite different from either 
of the other two groups considered. The Neotropical and 
the Australian really form one big region ; so also do the 
Ethiopian and the Oriental; on the other hand the 
Nearctic and the Palsearctic are quite distinct ; there can 
be no question here of a Holarctic realm. 

To express in a graphic form the distribution of the 
land Planarians is a simpler matter than in the case of 
any of the other groups. 

The following pages contain schemies of the distribu- 
tion of some of these groups which are compared with the 
Insecta whose range in space and peculiarities of distribu- 
tion I have not treated of at all. The diagrams of most of 
these are taken from M. Trouessart's book already referred 
to more than once and they represent the latest and most 
reliable information from specialists on the several groups. 
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Upon what group then shall we found our divudooB of 
the earth's sur&ce ? 

The great objection to the birds is that they can 
fly and are therefore independent of most barriers ; with 
them temperaiure, food and pre-occupation of the ground 
must be the chief limitations to universal ranga More- 
over it vdll be remembered that this group contains the 
largest number of cosmopolitan genera and apeciea All 
this tends to throw the claims of the birds into the 
background. Against their exclusive use also is the &ct 
that tbey are a modern race, and would therefore at best 
only indicate the present arrangement of land and sea. 
At the furthest the birds go back to the Jurassic period ; 
while the Carinate birds (speaking zoologically and not 
etymologically) are not of greater age than the Tertiary 
period. All curves of development show that birds are now 
in tbe ascendant and that they have risen rapidly into 
prominence. To this is due the variance of opinions 
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that prevail with regard to their proper classification. 
. So intimately connected are the various tj^es that it is 
difficult to define the groups ; and all classification has to 
go upon that most unsatis&ctory plan, the averaging of a 
number of structural charactera A thinning out of the 
numberless existing genera might reveal the main lines 
of ascent just as the bi'anches of a tree stand out more 
plainly when they are denuded of the leaves. I have 
attempted to show elsewhere (p. 81, 82) that it is difficult to 
get any real justification for the generally adopted regions 
by the study of the range of diflferent families. All that 
can be said in most cases is that the various regions have 
each a certain number of peculiar genera and families; 
but those facts lose value from the impossibility of 
making definite statements about the mutual affinities 
of the genera in question. The Gallinaceous birds which 
are less endowed with power of wing than many other 
groups offer the best evidence of a connection between 
structure and distribution. So too the Struthious birds. 

Land MoUusca would appear on many grounds to be 
exceedingly valuable as furnishing evidence in favour 
of ancient land connections. 

In an interesting paper Prof Kobelt, a great authority 
upon the group, urges their claims to be put in the fore- 
front of animals useful for this purpose. 

There is however more than one serious objection 
to their use. As Mr Blanford points out, we are not 
at present in a very forward state of knowledge as to 
what conchologists term '' the animal " ; the anatomy 
of the group is for a large part ignored by those even who 

6—2 
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make the group their special study. . The relationships 
therefore of the different genera is in many cases obscure. 
They can therefore not be made use of in a strictly 
scientific comparison of the faunas of various parts of the 
world. We know how varied may be the structure of 
other animals — even belonging to the same group — under 
a superficial similarity ; for example the genus Doriapsis 
among the Nudibranchs differs fi*om the genus Doris 
(sensu lato) by the total absence of that most character- 
istic moUuscan organ the odontophore ; and yet with this 
important dissimilarity it would be impossible to separate 
the two genera by any marked external characters. 
Were one totally unacquainted with their internal 
structure the Brachiopods and Lamellibrauchs might be, 
as they have been in the past, associated closely together. 
Analogous differences may separate some of the genera 
of Pulmonata whose anatomy is not known. 

In the second place they are very capable in some 
way or other of crossing the ocean, for we find them in 
oceanic islands which cannot have been stocked inde- 
pendently with them. Mr Wallace remarks that "they 
have no means of passing over the sea but such as are 
very rare and exceptional." He quotes however Darwin's 
experiment to the effect that a Roman snail lived after 
immersion in salt water for twenty days. For further 
examples of the ways in which the terrestrial MoUusca 
can cross the sea the reader is referred to a later 
chapter. 

If it were not for these objections the land MoUusca 
would be a most important group; they are extremely 
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ancient, the existing genera Pupa and Zonites going back 
to Carboniferous times. 

Mr Wallace urges tHe superior claims of Mammals 
upon whose distribution to found Zoological regions. He 
thinks that they are best qualified '' to exhibit by their 
existing distribution the past changes and present physical 
condition of the earth's sule." 

The reasons for this opinion are according to Mr 
Wallace the following: — (1) They are dependent for 
their means of dispersal upon continuity of land. At 
least wide seas would be impassable. (2) They are (with 
the exception of the bats which fly and might therefore be 
subject to gales, and the mouse tribe which might be — are 
in feet-conveyed in ships) too large to be carried acci- 
dentally across seas which they could not traverse by 
their own unaided efforts. (3) Again they are so highly 
organised as to be largely independent of other animals ; 
though both purely carnivorous and purely vegetarian 
forms exist there is for the most part no dependence 
upon any particular kind of animal or plant as food, such 
as we meet with for example among the insects. Or 
where there is a restriction in the matter of diet as in the 
case of the anteaters both of the old and new worlds the 
food is universally found (4) The mammalia form a group 
which is £urly well known anatomically, we can therefore 
form a tolerably correct judgment as to their mutual 
relationships. That this is the case is shown by the 
absence of any difiPerences of opinion as to the outlines 
of the main subdivisions of the family. (5) The last 
argument favourable to the Mammalia is the fax^t that 
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we have a better knowledge of extinct forms than we 
have of any other existing group. It is perfectly true 
that this knowledge will bear increasing and that it is 
practically limited to the extinct genera of Europe and 
North America with certain parts of South America and 
India. But after all compared with other groups the 
knowledge is undoubtedly considerable. 

Though all this is perfectly true, yet the Mammalia 
are by no means an ideally perfect group for these 
purposes. 

In the first place they are a comparatively modem 
group, dating back at the furthest to the tnassic period. 
They are therefore perhaps to be regarded as representa- 
tives of the present state of affairs in land and sea. They 
have for example in all probability never reached New 
Zealand, between which and New Australia there may 
very likely have been an ancient land connection some- 
where in the early secondary period or even earlier. The 
Mammalia also, although a comparatively modem race, are 
a waning race; as it has been said, we live in a world 
which is as regards mammals zoologically impoverished. 
This has brought about the existence (if the hibemicism 
be allowed) of so many missing links. The Marsupials for 
example, though called by Mr Huxley Metatheria and 
believed by him and by others to stand midway between 
the Monotremes and the higher Mammalia, with a more 
near approximation to the latter, cannot be satisfactorily 
tacked on to any particular group of the Eutheria. The 
very fact that the living Mammalia can be so easily 
classified, and that there is so little difference of opinion 
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about the scheme of classification, shows the breaks that 
exist between the various &milies. Though it is true that 
we have a £Edr anatomical knowledge of the MammaUa, 
yet there are plenty of lacunse; the broad facts are 
perhaps ascertained, but there are many details of im- 
portance which require further elucidation. For instance 
there is but little knowledge, and that purely osteological, 
of the structural differences between the different kinds of 
bears and cats. These two families have a wide distribu- 
tion and it would be of great interest to know if for 
example the muscular anatomy of the new world forms 
is distinctive of them and different from that of the old 
world genera or species. Besides much of our knowledge 
of the Mammalia is limited to skins and horns, in many 
cases necessarily. Unsuspected differences so constantly 
turn up between superficially very similar forms, that 
further knowledge is desirable. A noteworthy instance 
are the discoveries by the late Prof. Qarrod in the anatomy 
of the soft parts of the rhinoceroses. 

On the whole, however, it is impossible to avoid agree- 
ing with Mr Wallace that the Mammalia are the most 
satis&ctory group. And moreover the adoption of the 
regions necessitated by the distribution of this group is 
in harmony with the distribution of some other groups 
and does no great violence to distributional fact any- 
where. 
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The six Zoological regions of Mr Sclater. 

In the pages that follow I have purposely refrained 
from a detailed account of the feunas of each ; much that 
is not to be found in the present section will be found 
elsewhere. I have here simply abstracted from Wallace 
and other books a list of the genera absolutely confined to 
each region, and given a few forms which are highly 
characteristic of, though not absolutely confined to, each 
region. 

I. The Palsearctic region. 

This region contains in the first place the whole of 
Europe with the outljdng islands of Iceland in the north 
and down to the Cape de Verde islands in the south. 
The north of Africa to the tropic of Cancer is included by 
Mr Wallace, though others prolong the FalsBarctic region 
further to the south; the Arabian peninsula is divided 
into two approximately equal halves by the line of division 
between the Falsearctic and the Ethiopian region. The 
whole of the north of Asia including Japan belongs to this 
region, which reaches the Arabian sea along the coast of 
Persia. The delimitations of the Oriental region are along 
the southern slopes of the Himalayas, A%hanistan and 
Baluchistan going with the Falsdarctia In China the 
limits of the Falsearctic region are at about Shanghai 
on the coast. 

(i) Families of animals confined to the FalsBarctic 
region. 

None. 
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(ii) Genera confined to the region. 

Talpa; Scaptochirua ; Myogale; Scaptonyx; Anu- 

rosorex (Moles). 
Lutranectes (an Otter) ; Meles (Badger). 
Camdvs; Dama (Fallow deer); Capreolus (Roe 
deer) ; Hydropotes, Lophotragus, Elaphodus (Cer- 
vidsfi); Bo8,Poephjagu8(^d3s)\ Addax, Procapra 
Saiga, Panthalops, Rupicapra (Antelopes); 
Capra (Goat tribe). 
Myoxus (Dormouse) ; Spalax (Bodentia). 
Ltisdnia, Accentor, Eriihacus (Sylviidae) ; Panurus 
("Bearded tit"); Qamdus, Perisoreus (Jays); 
Nudfraga (Nutcracker); Gya/nodtta, FregUus 
(Chough); Fringilla, Acanthis, MontifringiUa 
(Finches). 
Perdix, TetraagaUus (Gallinacese). 
Ibidorhynchua (Scolopacidse). 
The region is however also characterised by a large 
number of forms which have their chief development 
therein, though they extend over its boundaries. 

The genus Phaaianus is nearly confined to the region 
and other allied genera such as Thaumalea the Golden 
Pheasant, Geriomis the Tragopan, and the Ipeyan Phea- 
sant, Lophaphorus, have their greatest development within 
this region, though they do as a matter of fact cross its 
border and pass into the Oriental region. 

A great many of the Mammalia are either specifically 
identical with North American forms or are very near 
indeed to them. The Aurochs and the Wapiti are hardly 
if at all specifically different from Luhdorf 's deer and the 
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American bison. The grizzly bear, though it has received 
the specific name of Ursua ferox, is barely distinguishable 
from the brown bear Uraus ardos of Europe ; there is no 
doubt at all about the identity of the reindeer, the elk, 
the glutton and the arctic fox which are common to the 
Nearctic and the Falsearctic regions. The lynx, wolf, 
marten, beaver and marmot are forms common to both 
regions without differences at all or showing differences 
of the sUghtest possible kind. AU these animals are 
among the most characteristic of those inhabiting the 
Falsearctic region. The pouched rats Cricetomys are, as 
has been recently shown by the leading authority upon 
this group, Mr Thomas, hardly generically separable from 
the American Hesperomya. The musk deer, Moschus, and 
the peculiar bear-like creatures Ailuropus and Ailv/rus are 
not confined to the Falaearctic region ; they are as charac- 
teristic of it however as they are of the Oriental region, in 
which they also occur. Even the tiger so pre-eminently, 
according to popular literature, a denizen of the tropics, 
may be fairly counted as an inhabitant of the temperate 
or even subarctic Falsearctic region since it has been met 
with so far north as the Amur. It is but recently that 
there were similar resemblances between the fauna of the 
western part of the Falsearctic region with that of Africa ; 
the hippopotamus, the Maltese elephants, the lion and 
various other creatures have only lately become extin- 
guished in this continent. While the mammoth of Siberia 
and elsewhere is held by some to be the actual progenitor 
of the Indian elephant, which is thought by them to hardly 
rank as a different species but to be rather a variety which 
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has lost its hairy covering on becoming an inhabitant of a 
hot climate. The hairy rhinoceros of Europe is another 
case in point. 

The Paleearctic region is divided into (I) European, 
(II) Mediterranean, (III) Siberian, (IV) Mantchui-ian 
sub-regions. 

I. The European sub-region comprises Central and 
Northern Europe. The only really peculiar genus is the 
Desman, Myogale, found in the streams of the Pyrenees 
and of Southern Bussia. Many other Mammalia however 
are highly characteristic of the sub-region^ though not 
positively confined to it. Such are the wolf, the mole, 
the hedgehog, and the dormouse. Not a single genus 
of birds is absolutely confined to the sub-region. But the 
Wagtails, the Tits and the Beedling, Panurus^, are genera 
which are more abundant in this part of the world than 
elsewhere. 

IL The Mediterranean sub-region, as might be in- 
ferred from its warmer climate, is by far the richest portion 
of the Falsearctic region. Besides that part of Europe 
bordering upon the Mediterranean Sea, it includes the 
north of Africa, down to the desert of Sahara, Persia and 
Baluchistan. Among Mammalia the Fallow deer {Dama) 
is peculiar to the sub-region ; so too are Psammomys and 
Gtenodactylus, two genera of rodents. The Civet of the 
south of France and South Europe generally, the Porcupine 
and others are among the characteristic though n6t 
peculiar genera. These and some others show the African 
affinities of the Mediterranean sub-region. The Hyoena 
I Sometimes (and iaaooorately) oalled the ** Bearded tit." 
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and the Lion point to the same transitional character. 
Among birds two warblers, Lusciniola and Pyrophtiudma, 
are peculiar. 

III. The Siberian sub-region includes the whole of 
Northern Asia. Of Mammals the yak and two antelopes, 
Procapra and Panthaiops, arid confined to it; the mole 
Nectogale is another peculiar form and completes the list 
of genera that are found here and in none of the other 
sub-regions. The musk deer however, Moschus, is nearly 
confined to the sub-region, while many Arctic animals, such 
as the sable, the glutton, and the reindeer are highly 
characteristic of it; the two latter as already mentioned 
also extending their range into the Nearctic region. 
Among birds there are few peculiar forma The only 
genus that is " most decidedly " confined to the region is a 
genus of Starlings Podoces. 

IV. The Mantchurian sub-region, bordering as it does 
upon the tropics, is rich when compared with other parts 
of the Falsearctic region. It includes all Japan besides 
Corea and other parts of China. Some of the peculiar 
deer, discovered by P^re David and his associates, are 
peculiar to this sub-region. Such are Hydropotes and 
Elaphodus. The curious Nyctereu/tea and the carnivore 
jEluropvs are also peculiar forms or nearly so. The 
former is often called the "raccoon-like dog'*; the latter 
genus is allied to the Panda, ^lurus. Both of these 
occur also in the Oriental region. A genus of Otters, 
Lvtronecte8f is also peculiar, and there are a few other 
genera which are found in this sub-region and not in the 
other sub-regions of the Palaearctic region. The birds are 



represented by an abundant variety of species; but as 
many of them are common to this and to the Oriental 
region which borders upon it, it is a little difficult to 
disentangle the &unas of the two. Some of the mag- 
nificent pheasants of the East, the genera Lophophorus, 
Pucrasia, Thaumalea, and Crossoptilon, are characteristic ; 
but these have already been mentioned as among the 
birds characteristic of the region as a whole. There are 
also species of Ceriomis and Phobsianus. 

II. The Nearctic region. 

This region consists of the whole of North America, 
together with a portion of Mexico, into which, according to 
Mr Wallace's map of the region, it sends a narrow tongue 
along the central mountain range. As Mr Wallace has 
pointed out, the greatest width of the continent in the 
more arctic parts of it and its narrowness where the 
climate becomes more congenial is largely responsible for 
the comparative poverty of the &una. 

List of famUies peculiar to the Nearctic region, 

Sajccomyidce (Pouched rats), Haploodontidoe (Ro- 
dentia). 

Cha/mcBicU» (Passerines). 

Oenera peculiar to the region. 

Synottis, Avtrozous (Bats). 
Condylura, Scapanus, Scalops (Moles). 
Lataa, Taandea (Camivora). 
Aniilocapra, Ovibus, Haplocerua (Bovidee). 
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Neoixmui, Sigmadon, Jactdus, Cynomys, Erethizon 
(Rodentia). 

ScUpincte8, Gafkerpea^ Gh/mnokitta PidcorvuSf Cent- 
ronyaf, Neocorys, &a (Passeres). 

Ectopistes (Colombidse). 

Pilohela (Scolopacidse). 

Highly characteristic of the region, among the Mam- 
malia, are in the first place the bison and the grizzly 
bear ; it is not quite certain, as I have already mentioned 
under the description of the FalsBarctic region, whether 
these animals are specifically distinct from what are at 
the very least close allies in Europe and Asia. But if so 
the bison, now limited to a single herd from previously 
existing thousands, is a noteworthy type of American life^ 
no less than is the formidable ''grizzly." Bassaris, an 
animal now known to be allied to the Kaccoons, but 
formerly placed in a different division of the Camivora, is 
one of the numerous forms that are so common to the 
Nearctic and Neotropical regions, but has a larger range 
in the former. The Puma and the Skunks are other 
examples of animals which extend northwards from the 
South American continent. Among birds, humming birds 
and various members of the families Mniotiltidse, Vireo- 
nidse and Caerebidse are examples of Neotropical forms 
which also extend into the North American continent. 
The same is the case with the Tanagers and several 
South American genera of Fringillidse. The black cuckoo 
with a deep bill, the ani, Crotophaga, is also met with in 
North America, though more characteristic of South 
America 
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A closer resemblance between the Nearctic and the 
Palsdarctic regions than that which obtains between, say 
the Neotropical and the Ethiopian, would be expected on 
the theory of the polar origin of life. That there is a 
close resemblance has also some relation to the great 
similarity in climate and physical conditions between the 
two regions. But the question now for consideration 
is whether the similarity is such as to warrant the 
inclusion of the two in one Holarctic realm, as is 
contended by Dr Heilprin and Prof Newton. Dr Wallace 
decidedly thinks not ; and his reasons for this opposition 
are set forth in a special paper devoted to the question^ 
It appears from his tables that there are 43 genera of 
Mammals which are foimd in the Palsearctic region but 
not in the Nearctic. On the other hand 39 are peculiar 
to the Nearctic; 31 are common to both regions. 
These estimates, even when slightly edited, as will be 
indicated immediately, leave a respectable balance of 
forms peculiar to each region; doubtless the number of 
forms is poor when compared with other regions ; but it 
must be borne in mind that these two temperate regions 
do not abound in Mammalian life as do the more tropical 
parts of the earth's surface. Of the 39 genera peculiar 
to the Nearctic region seven may be not unfairly deducted 
in making a final estimate as being largely, if not to a 
greater extent, Central or South American, ie. Neo- 
tropical, also. The peccary, for example, is an animal 
which is rather characteristic of the Neotropical than the 
Nearctic region. The most striking argument however 

^ Natural Science, June, 1894. 
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for the reunion of the regions is afforded by the con- 
sideration that out of the 31 genera that they have in 
common it is only possible to withdraw three^ as being 
aquatic and therefore having a range of less significance, 
and four which are exclusively or largely Arctic. Removing 
in addition four genera of ubiquitous bats there are left 
16 genera which are common to the two regions. This 
calculation is made on the basis of genera admitted by 
Mr Wallace ; on a more liberal estimate of what is meant 
by a genus the number of genera would of course be 
increased. 

The Nearctic region is usually divided into the four 
following sub-regions : (I) Califomian, (II) Rocky Mountain, 
(in) Alleghany, (IV) Canadian. 

L Calijbmian sub-region. This includes besides Cali- 
fornia a considerable part of British Columbia. It has 
several peculiar genera of Mammals. Among them are 
Enhydra a sea otter, Urotrichua a mole and Neoaorex a 
shrew. Haploodon, a rat-like rodent, is peculiar to this 
sub-region, as are also the only North American repre- 
sentatives of the bat families Phyllostomidad and Nocti- 
lionidse. The birds also embrace some peculiar forms. 
The "road runner" Oeococcyx and the aberrant Passerine 
Chamcea, which Dr Shufeldt places near to the Tits, are 
foimd here and nowhere else in the region. There are 
other characteristic birds, but few that are absolutely 
confined to the sub-region. 

n. Central or Rocky Mountain sub-region. The " big- 
horn" sheep (Ovis montana), the Antilocapra and the goat 
Haploceroa are among the -most characteristic Ungulates 
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confined to the sub-region. The bison so reduced in 
numbers now-a-days is almost confined to the Rocky 
Mountain sub-region. The prairie dog, CynomySf a close 
ally of the marmot, is restricted to the sub-region. Birds 
contribute their quota toward distinguishing the sub-region 
from those which border upon it. But they are genera 
and not families. Among them may be mentioned the 
following: Salpinctes, a wren, Poospiza, a finch, and Pe- 
diocoBtes, a grouse. 

in. Eastern or Alleghany sub-region. Mr Wallace 
remarks that this sub-region "contains examples of all 
that is most characteristic of Nearctic zoology." But 
there is only one genus of Mammalia that is absolutely 
confined to it. This is Condylura, the star-nosed mole. 
Only 30 birds are mentioned by Wallace as peculiar to 
the region among non-migrants. 

IV. The Subarctic or Canadian sub-region. This 
naturally presents many features of resemblance to the 
arctic parts of the Palaearctic region. It is charac- 
terised for example by such forms as the glutton, reindeer 
and elk, which pass into the Palaearctic region also. 
The musk deer however, Ovibos, is limited to this region, 
having apparently been a few times found outside of it in 
the Palaearctic region. The birds though numerous are 
not so peculiar: it upsets the current notions as to the 
tropical habits of the humming-birds to learn that a 
species, Selasphorus rufas, breeds in Alaska. 
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III. The Ethiopian region. 

The Ethiopian region consists of all Tropical and 
South Africa, from about the Tropic of Capricorn (see 
Patearctic region) ; it also includes the island of Mada- 
gascar and the adjacent Mascarene islands. 

(i) Families peculiar to the Ethiopian region. 

Chiromyidce (Lemur). 

PotamogalidcB, GhrysochloridcB (Insectivora). 

CryptoproctidcB, Protelidce (Camivora). 

Hippopotamidce, CcrnielopardaiidcB (Ungulata). 

OrycteropodidcB (Edentata). 

BuphoffidcB, PhUepittidcB (Passeres). 

MusophoffidcB, ColiidcB, Leptosomidce, Irrisoridce 

(Picarians). 
SerpentariidcB (Accipitres). 
StrvthumidcB. 

(ii) Genera peculiar to the region. 

Oorilla, Anthropopithecus, GolobuSy Cercopithecus, 
Cercocehus, Cynocephaius (Primates). 

Indris, Lemur, Qalago, Chirogaleus, HapcUemur, 
Lepilemur, Perodictious, Arctocdma, Micro- 
cebtia (Lemurs). 

Epomophorus, Hypsignathtis, Macronycteris 
(Bats). 

Petrodromtis, Bhynchocyon, Centetes, Hemicen- 
tetes, EricfuluSy Oryzoryctes, Echinops (Insecti- 
vora). 

Hdogcde, Bdeogcde, Eupleres, Cynictis, Lyceum, 
Megaiotis, Ictonyx, &c. (Camivora). 
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Potamochasnts, Phacochcerus, Oreas, Robus, Al' 

cephahts, Stc. (Ungulata). 
Laaiomifa, LopKiomya, Saccostomus, Peddea, Ano- 
mcUvrus, AtUacodua, Pectinator, Bathyerges, 
Qeorychua, &c. (Rodents). 
Parisoma, Artamta, HypocoUua, Corwltar, Hy- 
phaniomis, Vidva, Buphaga, Crithagra, Ama^ 
diiui, &c. (Pasaeres). 
Dendropicus, Geocolaptes, Pogonorhynchvs, BvC' 
canodon, Xylobucco, Cova, A telomis, Isptdina, 
Bucorvus, Toccus, &c (Picariane). 
Ale(ArcBnas, (Ena, CluUcopelia, Sic (Golambidse). 
Agelastes, Nv/mida, PHlopachus, &c (Qallina- 

ceae). 
Polyboroides, Lophoaetua, Melieirax, Nisoides, &c. 

(Accipitres). 
Mesites, Himantomia (Rallidee). 
Scopus, BalcBniceps (ArdeidiB). 
The lion, panther, elephant, and rhinoceros are also of 
coTiTse among the moat characteristic African Mammalia. 
Of Bhinoceroses there are apparently three species, of 
which only two, R. simus and R. bicornis, are at all known. 
The third has been lately reported. Also limited to this 
region are the zebras and qaaggas, the last practically, 
if not actually, extinct. Of chimpanzees there are two 
well-marked species, the "common" chimpanzee and 
Anihropopithecta ccUvtie, a species discovered by du 
Chaillu and antil lately represented by a living specimen 
{"Sally") at the Zoological Society's gardena It is 
qnite likely that these are not the only two speaes of 
7— S 
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chimpanzee. The Ethiopian region contains the majority 
of the antelopes; but in contrast to this abundance of 
antelopes is the total absence of deer. Another group 
which might be expected to occur, but which is in- 
explicably absent, is that of the bears. The hippopotamus 
is represented by two species, one of which, the small 
Liberian hippopotamus, has been placed in a distinct 
genus, Choeropotamvs. This proceeding however according 
to Sir William Flower is unnecessary. The Lemurs, 
which form so characteristic a part of the fauna of this 
region, are nearly all of them limited to Madagascar — as 
indeed are many of the peculiar Ethiopian genera. They 
have been treated of in the more particular account which 
I give elsewhere (below) of the fauna of Madagascar. One 
or two resemblances between Africa and the Neotropical 
region have been noted under the account of the latter- 
Most of the resemblances of Africa are with the Oriental 
region. Thus the hombills and barbets range through 
both regions, as do the panther and lion. The elephant 
and rhinoceros are only found in the Oriental region 
outside of the Ethiopian; but the species, and even, 
according to some systematists, the genera are different 
in the two cases. 

Among birds, the huge whale-bill {BalcBnicepa) is one of 
the most remarkable of African t}rpes. Its ally, the hammer- 
head {Scopus), which seems to stand half-way between 
the Herons and Storks, is a widely-spread African tjrpe. 
The ground hombill, which is undoubtedly a hombill,. 
though a very aberrant one, is almost equally singular. 
The colies and plantain eaters (Coliidse and Musophagidsa) 
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are two groups of uncertain affinities; as the late ProE 
Garrod pointed out, the 'latter has resemblances to the 
Gallinacese. Mesites of Madagascar will be found referred 
to under the description of the fauna of that island. The 
peculiar types of birds are by no means so numerous or so 
important as they are in South America. 

The Ethiopian region is divisible into the following 
sub-regions: (I) East-African, (II) West-AJrican, (III) 
South-African, (IV) Mascarene, 

East-African sub-region. This sub-region includes 
not only east but also the greater part of central Africa, 
and it extends to the north so far as to include Arabia, 
Abyssinia and the south of Egypt. Below the Sahara it 
extends right across the continent to the Atlantic, its 
lower boundary being at about the river Gambia, and 
again below the West- African sub-region it extends right 
across. Among the peculiar Mammalia of this sub-region 
are the Gelada baboon of Abyssinia, the curious little 
naked and burrowing rodent Heterocephalus and another 
rodent, Pectinoitor, The rhinoceroses and the giraffe are 
practically confined to it, but this restriction is one of the 
many cases of the limitation of &unas largely due to man. 
Among birds the boatbill Bakmiceps is peculiar, and so is 
the shrike Hypocolius, But on the whole the sub-region 
is not well marked by its peculiar types, though abound- 
ing in the characteristically African forms. 

IL The West-African sub-region extends as far south 
as the Congo. It is characterised by the Gorilla and by 
at least one species of Chimpanzee, the Anthropopithecus 
calw^s. The Potto, Perodicticus, and the nearly allied, if 
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not generically identical, Angwantibo (Arctocehvs), are the 
lemurs which are confined to this sub-region. Potcmiogale, 
an Insectivore with the appearance and the habits of an 
otter, and Hyomoschua complete the list of the more 
salient mammalian types which are West-African. Among 
birds perhaps the moV remarkable form is a species of 
Pitta, the only species of this oriental genus which reaches 
Africa at all. The birds are on the whole not remarkable 
or distinctive. 

III. The South-African sub-region is bounded to the 
north entirely by the East- African region, which here as 
well as to the north of the West-African sub-region 
extends right across the continent. The sub-region has 
one family to itself, the Chrysochloridse or Golden moles. 
The Hysenoid genus Proteles and the Hunting dog Lycaon 
are peculiar to it. Bathyerges and the jumping hare 
Pedetes are among the eighteen genera of mammals 
which are peculiar to South Africa. The birds are not 
remarkable. 

IV. The Mascarene sub-region is dealt with below. 

IV. The Oriental region. 

4 

To this region Mr Sclater at first gave the name of 
" Indian " ; but Mr Wallace proposed to replace this name 
by the more general expression "oriental," a suggestion 
which has met with Mr Sclater's approval. This region 
comprises not only the peninsula of India and the more 
tropical parts of China, but it includes also a large pro- 
portion of the islands of the eastern archipelago. The 
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boundary between it and the Australian region has been 
termed ''Wallace's line/' and divides the island of Bali 
from that of Lombok to the south, and the island of 
Borneo from Celebes on the north. 

(i) Families peculiar to the Oriental region. 

GaleopithecidABy Txipaiidce (Insectivora). 
PhyllornithidcBy Eurylcemidce (Passerines). 

(ii) Genera peculiar to the region. 

Simia, Hylobates, Siamanga, Presbytes (Primates). 

NycticebiLSf Loris (Lemurs). 

Megcerops, Aquias, PhylloHs, &a (Bats). 

Oymnura (Insectivora). 

Viverriculay Arctogale, Cyon, Arctonyx, Mydatts, 

&c. (Camivora). 
Trctgulvs, Cerwlus, Portax, AntUopet Tetraceroa 

(Ungulates). 
Platacanthomys, Spalaoomys, Phlceomys, Pteromys, 

Acanihion (Rodents). 
Ghimdax, Timalia, Mixomis, Paradoxomis, Eni- 

euros, Scdpomis, Dendrophilat Sylviparus, Cissa, 

Urodssa, Demlrocitta, &c. (Passeres). 
Chrys$colapteSy Megalcema, Phcenicophaes, Carpo- 

coccyx, Nyctiomis, Harpactes, Bticeras, Aceros, 

Rhinoplax, &c. (Picariaus). 
Pavo, Polyplectron, Euplocamus, Oalloperdix (Qal- 

linacese). 
Hierax, Ketupa, Photodilas (Accipitres). 
Hydrophasianus (Rallidse). 
Among the most characteristic animals of this region 
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stands in the first place the Orang, of i;?hich there may or 
may not be more than a single species. The Anthropoid 
apes are also represented by the agile fieimily of the Gibbons 
(Siamanga and Hylobatea), The two genera of Apes, 
Macacus and Cynopithecvs, might really for all practical 
purposes have been included among the list of peculiar 
genera, for they only just get outside the region. Among 
carnivorous animals the Tiger is one of the most noticeable, 
though it is not strictly confined to the region, getting 
north into even the colder parts of the Falsearctic region. 
The remarkable lemur Tarsius, which is generally made 
the type and only member of a special fieanily of the 
Lemurs, only just ranges beyond the Oriental region, 
while the *' Slow Loris " and an ally represent the more 
normal lemurs. The Ungulates are many and character- 
istic. In addition to the peculiar genera mentioned in the 
above list there is of course the Indian elephant and the 
Malayan Tapir; three out of the five existing species of 
rhinoceros are also natives of this region. The others, as 
has been already mentioned, are Ethiopian ; the porcupine 
Aiherura is a genus which is common to this region and 
to the Ethiopian. So too the Mania or Scaly anteater. 
The flying squirrels, Pteromys, get as fiur north as Japan, 
but there are some who would place at least the southern 
portion of this empire in the Oriental rather than in the 
Palasarctic region. Of birds the family TimeliidsB, the 
*' Babbling thrushes," are very nearly absolutely confined 
to this region ; in Mr Wallace's list 21 out of a total of 27 
genera, which he allows to the family, are exclusively 
Oriental. Some of the most magnificent species of the 
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pheasant tribe are entirely or mainly restricted to this 
region and are among the most characteristic of the bird 
inhabitants. The Cuckoos are well developed, and are 
represented by 18 genera, of which 2 are peculiar to the 
region ; but here, as in so many cases, the limits of the 
genera are somewhat uncertain. The Bee-eater Nyctiomis 
is an oriental genus, and oriental only. The parrots are 
abundant, but there is only a single peculiar genus, 
Fsittinus, The rest are mainly of Australian t}rpes, but 
the genus PalcBomis is in addition African. The remark- 
able owl Photodilus has perhaps a near ally in Heliodilus 
of Madagascar, both of these genera, especially the latter, 
are again allied to Strix and form with it a special sub- 
£a.mily of the Owls. Another highly characteristic genus 
of birds is the Surgeon hird, Hydrophaaiarms, which has 
an ally in the genus Parra in the New World. The 
Ralline birds are however not abundant or represented by 
many peculiar t3rpes in the Oriental region. 

The Oriental region has also four sub-regions, (I) 
Indian, (II) Ceylonese, (III) Indo-Chinese, (IV) Malayan, 

I. Indian sub-region. This sub-region comprises the 
entire peninsula of Hindostan. It does not abound in 
peculiar forms, but there are a few which are confined to 
it. The genus Tamiogale among the Viverridse is in this 
position ; the majority of the oriental Antelopes have 
here their head-quarters. 

II. The Ceylonese sub-region includes besides the island 
of Ceylon a large part of southern India. It is a little 
richer in peculiar types, but is still not very peculiar. 
The lemur Lorie is found here ; the rodent genus Plata- 
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canthomys is another peculiar type. Several species of 
" Holy ape " (Semnopithecus) are limited to this sub-region. 
As to the birds Mr Holdsworth allowed in 1872, 325 
species, of which 37 are peculiar to Ceylon. This number 
is raised by Mr Wallace to 80 for the whole sub-region. 
There is only one genus that is peculiar, viz. Elaphromis 
and a sub-genus Stttmomis, 

m. The Indo-Chinese sub-region includes the Hima- 
layas as well as Siam and tropical China. Among peculiar 
genera of Mammals are the Viverrines Urva and Arctonyx, 
and the remarkable carnivore JElunis\ There are a 
number of peculiar birds of the passerine and picarian 
groups ; these include the genera Liothrix, Urodssa, Aceros 
(a hombill), and a number of others; the Qallinaceous 
Ceriomis (the Tragopan) is another genus nearly limited 
to the sub-region. 

IV. The Malayan sub-region, as might be inferred 
from the fact that it is almost entirely made up of islands, 
has a number of peculiar forms. The Anthropoid apes of 
the east are most abundant here, and the Orang is found 
nowhere else: the lemur Tarsiua is very nearly confined 
to this sub-region, not occurring in any of the other sub- 
regions but just passing the boundary of the Australian 
region. The insectivore Gymnura, the curious mountain 
living carnivore Mydaus^ the Indian Tapir are among 
other mammals that are confined to this sub-region. If 
we regard the island of Celebes^ that "fragment of 
miocene Asia," as a part of this region— a position to 

1 This is also palsBarotio. 

> Mr Sdater does in his most recently expressed opinion, IhU, Oct. 1891. 
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which Mr Wallace does not commit himself — ^it is a tower 
of strength in the way of peculiar forms. There are here 
the Babirussa, the Bull-antelope (Anoa) and the ape 
genus or sub-genus Cynopithecus, Among birds this sub- 
region has as peculiar to it the genus Timelia among the 
" Babbling thrushes," Eupetes, a curious form which Mr 
Forbes placed in the Timeliidse, and quite a number of 
other Passerine genera. The Australian Megapodius gets 
into this sub-region, and there is the cuckoo Carpococcyx, 

V. The Neotropical region. 

This region has obvious boundaries for the greater 
part of its extent, since it consists of the continent of 
South America. It also includes the West Indies and 
the greater part of Central America. 

(i) Families peculiar to the Neotropical region. 

Cebidce, Hapalidce (Quadrumana). 

ChinchillidcB, Caviidce (Rodents). 

Bradypodid(ByD(isypodid(ByMyrmecopkagid(B (Eden- 
tates). 

CcBrebidcBf Oxyrha/mphidce, Pipridce, CotingidcB, Phy- 
totomidce, Dendrocolaptidce, FormicariidcB, PterO' 
ptochtdcB (Passeres). 

RhymphdstidcB, Bucconidce, Oalbulidce, Todidce, Mo- 
motidce,.8teatomithidcB (Picarians). 

CraddcB, TinamidcB (Oallinacese). 

Opisthocomidce (" Hoatzin *'). 

ThinocoridcB, OariamidcB, Aramidce, Paophiidce, 
Eurypygidce, PaiamedeidcB ("GrallsB"). 
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(ii) Genera peculiar to the region. 

Pteronotus, ChiUmycteris, Noctilio (Bats). 

Solenodon (Insectivore). 

Icticyon, Oalictis, NasiLa, Cercoleptes (Camivora). 

Dicotyles, Lama (Ungulates). 

Neotomys, Cercolahes, Choetomys (Rodents). 

Chironectes, Hyracodon (Marsupials). 

Mimocychla, Donacobius, Cyanocorax, Basileuterus, 

Sycalis, Diuca, &c. &c. (Passeres). 
Picumnvs, Chloronerpes, Ouira, NeomorphuSj Pany- 

ptila, &c. &c. (Ficarise). 
Ara, Caica, Chrysotis, PioniLS, &c. (Psittaci), 
Columhida, Zenaida^ Stamcenas, &c. (Columbse). 
OdontophoriLs, Dendrortyx, Eupsychortyx (Galli- 

nacese). 
Sarcorhamphvs, SpiziaMur, Morphnus, &c. (Acci- 

pitres). 
HeliomiSf OreophiluSy Pluvianelltts, &c. (Rails). 
Tigrisoma, Cancroma (ArdeidsB). 
Micropterus, Merganetta (AnatidsB). 
Bhea (Struthiones). 

Besides the peculiar &milies enumerated above the 
Nearctic region shares with the present the exclusive 
possession of the Humming-birds (TrochilidsB), Tanagers, 
Mniotilitidae, Vireonidae, TyrannidsB, Conuridae, of all of 
which the bulk of the species are South American. The 
American vultures, which have been aptly termed by Mr 
Seebohm Mimogypes, are chiefly neotropical, but also 
range into the northern hemisphere. Of characteristic 
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forms not by any means either as to the &mily or the 
genus to which they belong, which are confined to this 
region, extending sometimes for a greater or less distance 
into the Nearctic, are the Tapirs, which are represented 
by several species, some of which were separated by the late 
Mr Alston as a distinct genus Elasmognathus : the Jaguar 
and the Puma among the Camivora, the former being 
confined to the region: the Opossums of the genus 
Didelphys are found here and in the southern parts of 
the Nearctic : the Skunk may be mentioned in the same 
category as the last: Bassaris is a carnivorous animal 
whose affinities, now known to be with the bear tribe, 
were at one time unrecognised ; it also extends into the 
warmer parts of North America. The number of peculiar 
genera belonging to the region is very large. Four of the 
peculiar Gralline families contain but a single genus 
apiece and very few species between them ; they are all 
of them birds whose position in the system is much 
disputed, owing no doubt to their being the impoverished 
relics of groups of birds at one time more abundant 
Palamedea and Chaima are believed to be a relic of an 
ancestral tribe of anatiform birds; Cariama is said by 
some to present resemblances to the Secretary bird of 
Africa and to have therefore some relations to the birds 
of prey. Psophia and Aramtis are more distinctly rails, 
while Eurypyga again is a bird which is allied to the 
New Caledonian JRJiinochetvs, and to the Madagascar 
MesiteSf and possibly represents the sole remaining Ame- 
rican type of a nearly extinct order of birds once 
universally distributed. Of Opisthocomua the same kind 
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of remarks can in all probability be safely made. It 
seems to be an outlier of the Qallinaceous tribe, which is 
itself represented in this region by two other ancient 
&milies (see p. 28), the Tinamidas and the CracidsB, of 
which of course the TinamidsB are the most ancient, 
inasmuch as they alone of all Carinate birds resemble the 
Ostrich tribe in the absence of any fusion between the 
pubes and the ischia. The Oil-bird (StecLtornis) cannot 
perhaps lay claim to any great antiquity but it is a very 
remarkable type of Caprimulgine bird. The Trogons and 
Barbets are also found in the Ethiopian and Oriental 
regions. The scarlet Ibis, and the Boatbill Cancroma — a 
Night Heron with an enlarged beak, approaching that of 
the African Bakmiceps — are other instances of peculiar 
South- American birds. 

The Neotropical region is divisible into four sub- 
regions; these are (I) Chilian, (II) Brazilian^ (III) 
Mexican, (IV) West-Indian, 

I. The Chilian sub-region. This includes the whole 
of Patagonia and the greater part of Chili; the Andes 
divide it to the north from the Brazilian sub-region. It is 
well marked by several groups of animals, which give it 
a perfectly distinctive character. In the first place we 
have the rodent family of the ChinchillidsB ; the Llama, 
Huanaco, Alpaca and Vicuna belonging to the genus Lama^ 
are as characteristic ; two genera of Armadillos, Tolypeutes 
and ChlamydophoruSy are restricted in their range to this 
region, and it has other peculiar rodents in addition to 
the family mentioned. Among birds the family Thino- 
coridsB with the two genera Thinocoris and Attagia, which 



CH. Il] TAPIBS AND EDENTATES. Ill 

the late Prof. Garrod showed to be most nearly related to 
the " Courser " of the old world, is one of the most typical 
of the sub-region. The Tinamou genus Calodromas, with 
cs&csL unique in their complicated branching, * is also 
confined to the sub-region. Bhea is equally limited to 
this part of the world, and there are numerous other 
genera of birds belonging to many families, which exist 
only in the Chilian sub-region. Among earthworms it 
contains all or nearly all of the genera Acanthodrilus and 
Micro8Colex\ this group of animals offering one of the 
best reasons for its separation. 

II. The Brazilian sub-region. This sub-region includes 
all the forest region of South America and is practically 
coextensive with the political division of the continent 
known as Brazil. It reaches up to the sea on the north 
and across the Andes on the west The monkeys, Lago- 
thrix, Brachyurus and Pitheda, are limited to this region, 
which indeed contains nearly all of the arboreal animals of 
South America. The Tapirs of the genus Tapirus are 
found here only. The Great Anteater (Myrmecopha^a), 
the Sloth Bradypus and a few Armadillos are confined to 
the sub-region. Among birds it has the isolated genera 
Psophia and Eurypyga, besides innumerable genera be- 
longing to the Cotingidse and other families. 

III. The Mexican sub-region. This sub-region is in 
some respects intermediate between the rest of the Neo- 
tropical and the Nearctic regions. It is not so rich in 
peculiar types of South Americcm animals as are either of 
the sub-regions already described. There are however not 
a few types entirely restricted to tropical Me:rico. Among 
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the most important of these is the mountain Tapir 
Elaamognathvs ', the BcLssaris, a raccoon-like animal for- 
merly and wrongly assigned to the Yiverridse, is Nearctic 
as well as central American. The only other genus of 
, Mammalia which is really confined to the sub-region 
besides the Tapir is a genus of. mice, Myxomys, As with 
the Mammalia so with the birds this sub-region is the 
common meeting ground of the Nearctic and Neotropical 
fauna, with a distinct bent towards the latter. Mr 
Wallace states that there are in all 37 genera of land 
birds confined to it, all of which are of common Nearctic 
or Neotropical families. 

IV. The West'Indicm sub-region. This sub-region 
consists of the islands of the West Indies, and bears a 
somewhat analogous relation to the continent of South 
America that the island of Madagascar does to that of 
Africa. As far as concerns Mammals it is largely marked 
by negative characters ; there are no Edentates, monkeys 
or Camivora ; but the two older (?) groups of mammals. 
Rodents and Insectivora, are represented by peculiar types. 
The latter is represented by the genus Solenodon, which 
belongs to the family Centetidae, elsewhere only found in 
Madagascar. The Rodent Capromys is the most peculiar 
representative of its order. The birds are also remarkable ; 
the genus Todus, which the late Mr Forbes elevated to a 
group equivalent to the rest of the Picarian birds, is 
found here and here only. It is widely spread in the 
islands and has peculiar forms in many of them. The 
other birds are not so remarkable ; they are characteris- 
tically neotropical, belonging to ^ch families as TrochilidsB 
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(Humming birds), CotingidaB (Chatterers), Ooerebidse 
(Sugar birds). 

VI. The Australian region. 

The Australian region consists, as its name denotes, of 
the Australian island-continent ; it also ' embraces the 
island of New Zealand to the east and various small 
scattered islands in the neighbourhood of this. The 
islands of the Pacific lying to the north and to the east of 
Australia also are referable to the same region, as are the 
great islands of New Guinea, and probably Celebes. The 
chain of East Indies beginning with Java is partly 
Oriental and partly Australian ; the division between the 
two often spoken of as " Wallace's line " lies between the 
islands of Bali and Lombok. 

One order, the Monotremata, is peculiar to this region. 

Families peculiar to the Australian region. 

Dasyuridce, MyrmecobiicUB, Peramelidce, McLcropo- 

didce, PhcUangistidcB, PAa«co2omyi(2(B(Marsupials). 
ParadiseidcB, Meliphagidce, Drepanididce, MenuridcB, 

AtrichiidcB (Passeres). 
Platycercidce, TrichoglossidcBy Nestoridce, StringopidcB 

(Parrots). 
DidunculidcB (Pigeons). 
RhinochetidcB (Qrallse). 
CasuariidcB, Apterygiidce (Struthiones). 

Genera peculiar to the region. 

Hypoderma, Notopteris, Mystadna (Bats). 
Babyrussa (Pigs). 
Anoa (BovidsB). 

B. z. 8 
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Pseudomys, Hapalotis, Hydromys, Acanthomys, 

Echiothrix (Rodents). 
Malurus, CalamanthiLS, Orthonyx, Artamides, Pachy- 

cephala, &c. (Passeres). 
Scythrops, Rhamphococcyx (Cuckoos). 
Dacelo, Tanysiptera, Podargus, Aegotheles, &c. 

(Picarians). 
Calopsitta, Microglossus, Eos, Eclectus, Trichoghsaus, 

&c. (Parrots). 
TuraccBrwb, CcUcenas, Otidiphaps, Phaps, Oeophaps, 

&c. (Pigeons). 
Talegallus, MegacephaUm, Lipoa (Megapodes). 
Urospiza, Uroaetus, Harpa, Hieracidea, &c. ( Accipi- 

tres). 
Ocydromus, Tribonyx, Habroptila, Pareudiastes 

(Rallidse). 
Thinomis, Pedionom/us, Anarhynchv^, Erythrogonys 

(Charadriidse). 
MdLaoorhynchus, HymenolcemuSy Bizivra, Gereopsis 

(Anatid8B)\ 

The family of the Megapodes is as nearly as possible 
confined to this region, a single species getting as far as the 
Andamans in the Oriental region ; so too the CacatuidsB 
which extend beyond it only to the Philippines. Of 
course the most impressive character of the region is the 
possession of nearly all the Marsupials ; with the excep- 
tion of a single family, the Didelphidse, found in North, 

1 The above list contains the peonliar Celebes genera. The relations 
of this island are extremely doubtful. 
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Central and South America, there are no Marsupials found 
outside of Australia and the Australian region. As this 
region consists so largely of islands it might be expected 
that the peculiar forms have often an extremely limited 
range within it; that is the case, and I have dealt 
elsewhere with the fauna of New Zealand, which is an 
important part of the Australian region, so important 
indeed that it has been proposed to separate it off as an 
equivalent region. Among the characteristic animals of 
Australia that do not belong to genera or families limited 
to the region is the wild dog, the Dingo; it has been 
doubted whether this is really an indigenous animal at 
all 

It is often suggested, or perhaps left to be inferred, 
that the Avifauna of this region is inferior in its distinc- 
tiveness to the Mammalian; no doubt the absolutely 
unrivalled peculiarity of that fauna tends to obscure by 
contrast the real and numerous peculiarities of the bird 
fauna; but a glance at the above list will show that 
Australia and its adjacent islands in reality abounds with 
peculiar types of birds. It is specially noteworthy on 
account of th.e great abundance and variety of the Parrots, 
being comparable to — indeed really excelling in this 
respect — South America. Highly characteristic also of 
the region are the Pigeons. These rather defenceless 
birds, which have no beak or claw to speak of, and which 
construct rude and easily accessible nests exposed to view 
in the most open manner, possibly owe their abundance 
to the absence of a great vaiiety of Carnivorous Mam- 
malia. They are also to a considerable extent marked 

8—2 
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with green, a protective colour in the forests which they 
inhabit Mr Wallace, to whom the above suggestions in 
explanation of the great prevalence of Pigeons are due, 
estimates that " three-fourths of the genera have repre- 
sentatives in the Australian region, while two-fifths of 
the whole are confined to it." 

The Australian region is not quite so destitute of 
Mammals not belonging to the orders Monotremata and 
Marsupialia as is sometimes apt to be inferred. Apart 
from the peculiar genera of Rodents and the few other 
peculiar forms enumerated in the above table, a Macaque 
and a Cynopithecus get into the region where it touches 
the Oriental ; the remarkable Oriental Lemur the Tarsivs 
also enters the region; Viverridas and shrews are not 
unknown, though few and rare ; the genus Sua extends as 
far into the region as New Guinea. On the whole this 
is perhaps the most isolated in its affinities of all the 
regions. The boundary between it and the Oriental is 
sharply marked ; I have dealt elsewhere (see below) with 
such resemblances as it affords to other parts of the world 
and the Neotropical region. 

The Australian has four well marked sub-regions, viz., 
(I) Au^rO'Malaya/rt, (II) Polynesian, (III) AvMralian, and 
(IV) NovO'Zealanian. 

I. The Papuan or Austro-Mcdayan sub-region in- 
cludes not only New Guinea and all the islands lying to 
the west of it as far as the commencement of the Oriental 
region, but the extreme north of the continent of Aus- 
tralia. Being entirely, or nearly entirely, made up of 
islands it has a large number of peculiar forms.. The 
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Marsupials get to thin out here considerably; but there 
are peculiar genera; in New Guinea itself we have 
Dorcopsis ; the Tree Kangaroo Dendrolagua is confined to 
New Guinea and Noi*th Queensland; a genus of Pha- 
langers Distcechurua is also peculiar, and there are several 
species characteristic of these islands ; the recently dis- 
covered Echidna, Proechidna bruijnii, ia peculiar to New 
Guinea. Among birds the most characteristic are the 
Birds of Paradise belonging to the genera Paradiaea, 
Manucodia, Seleuddes and many others. The cockatoo 
Microglo88iL$ is a peculiar genus and the Cassowaries have 
here their headquarters. 

II. Polynesian, This sub-region is largely dealt 
with below ; it is characterised rather by the absence of 
forms which ought, so to speak, to be there than by the 
presence of pecuUarform8. 

III. The Australian sub-region is of course the head- 
quarters of the Marsupials and Monotremes, of which 
latter group the Platjrpus is restricted to the sub-region. 
Among Marsupials the Wombats, Thylacine and Koala 
are confined to it. Another remarkable type of Marsupial 
entirely confined to this sub-region is the small insect- 
eating Myrmec6bius\ the lately discovered "Marsupial 
mole" is another type which marks out this fi*om the 
other sub-regions. This sub-i^gion has according to Mr 
Wallace a larger proportion of peculiar birds than any 
other sub-region of any region. Nineteen-twentieths of 
the birds are confined to it. The Emeu and the Cereopsis 
goose are among the most characteristic forms. 
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IV. The NovO'Zedkbnian sub-region comprising New 
Zealand and some of the adjacent islands is described 
in detail below. 

Some graphic Methods of presenting the facts 

of Distribution. 

In order to get a clear idea of the facts of Zoogeography 
and to compare one series of facts with another it is 
requisite to present them in a graphic fashion. The usual 
method is to indicate the different Distributional regions 
upon a map by the help of varied colour. The colour 
might even be made to some extent appropriate; the 
Neotropical region — Dendrogsea as Mr Sclater terms it — 
preeminently a region of forests and inhabited by so many 
arboreal tjrpes, might be conveniently coloured green; 
those who accept the Holarctic realm of Pro£ Newton 
might ^suitably leave it white in order to suggest the 
characteristic Arctic forms. Prof. Camerano has recently 
attempted to show that there is a distinct relation between 
colour and geographical range. He thinks that yellow is 
the prevailing colour in Africa, grey in Asia and so forth. 
This method of colouring the primary regions may com- 
mend itself to some. A difficulty is offered by the 
transitional tracts which combine the characters of the 
two regions between which they lie. These transitional 
areas are perhaps more marked between the Palsearctic 
and the Ethiopian on the one hand and between the 
Palsearctic and Oriental on the other. Prof. Mobius* 
colours these transitional areas with a paler hue of the 

1 Die Tiergebiete der Erde &o. Archivf. Naturg, 1891, p. 277. 
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tint applied to the region which they most resemble. 
Dr Heilprin prefers to shade the transitional areas. This 
method however is too voluminous and expensive to be 
used in illustration of the geographical range of different 
species, genera and families. The number of maps re- 
quired is reduced by a plan adopted by Dr Grev^* in a 
series of papers upon the distribution of the different 
groups of Carnivora. The areas of certain species that do 
not overlap are coloured with different tints ; where there 
is an overlapping the boupdaries are indicated by differ- 
ently coloured lines made up of dots or strokes or crosses 
&c., &c. The complexity of the result thus produced 
seems however to counterbalance the economy of space. 
There is no doubt that maps convey a more rapid and 
a<;curiate impression than tables ; and Mr J. A. Allen has 
eliminated the element of expense by suggesting diagram- 
matic maps which can be constructed of lines and dashes 
in ordinary use by printers. The following scheme 
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1 Zoologische Jahrh. Abt, f, SysU Bd. vi. 1892. 
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slightly altered from the original, indicates the regions 
of Sclater and Wallace with the principal sub-regions, 
i.e. (a) Madagascar, (6) Malaya, (c) Patagonia, (d) New 
Zealand 

The wavy lines connecting certain of the regions show 
that they are related. This method (which I have 
already utilised) is useful for indicating the range of 
species, genera or families, the names of which can be 
written in the spaces; but it is more particularly 
advantageous for a broad si;irvey of the divisions of 
the earth's surface which a study of different groups 
necessitates and which may be compared. The following 
are Trouessart's schemes of herpetological and mammalian 
regions. 
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Neotropical 
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Mr Mitchell has recently ^devised a still further sim- 
plification which again can be printed from ordinary type 
lines. The regions may be thus indicated. 



Nearctio 
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Australian 



The scheme may be made more complete by the 



1 P.Z.8. 1890, p. 607. 
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addition of the sub-regions. As Mr Mitchell points out 
the four sub-regions of each region except in the case of 
the Nearctic lie in a general way two to the north and 
two to the south. The sub-regions may be indicated by 
the following numbers. 



< 



PcUcBorctic region. 
N. European 1 
Mediterranean 2 
Siberian 3 

Manchurian 4 
Oriental region. 
Hindostan 1 

Ceylon 2 

Indo-China 3 
Indo-Malay 4 
Nea/rctic region. 
Canada 1 

California 2 

Rockies 3 

E. States 4 



Ethiopian region. 
W. African 1 
S. African 2 
E. African 3 
Madagascar 4 

Australian region. 
Austro-Malay 1 
Australia 2 

Polynesia 3 

New Zealand 4 

Neotropical region. 
Mexico 1 

ChiH 2 

Antilles 3 

Brazil 4 






The complete scheme therefore will be as follows with 
the sub-regions shown. 
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The range of any particular form is given by leaving 
out all but the sub-regions where it occurs, putting these 
in their proper place. Thus the range of the existing 
Lemurs would be expressed in the following way. 













1 3 
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It might be advantageous to mark in heavy type those 
sub-regions which are especially inhabited by the animal 
in question, and various other modifications are of course 
possible and will suggest themselves. The great advan- 
tage of Mr Mitchell's scheme is that it can be so easily 
used for the purposes of blackboard demonstration in 
lectures. 



CHAPTER III. 

THE CAUSES WHICH INFLUENCE THE DISTRIBUTION 

OF ANIBfALS. 

Distribution not dependent upon temperature. 

It was at one time held that distribution depended 
upon temperature; that therefore the world could be 
divided into zones corresponding to the belts of varying 
temperature. 

That the range of animals is to a large degree depen- 
dent upon temperature is an undoubted &ct; and to a 
certain extent that fact does permit of the zonal arrange- 
ment of the earth. Only however as concerns the arctic 
regions; here we have occasionally the same species 
ranging right round the pole as we have in the case of 
the marine mammalia and the birds of the south pole. 
Some even go so far as to unite for the same reason the 
Palaearctic and Nearctic regions. On a priori grounds 
too there would seem to be something to be said for a 
series of circumpolar regions; as the earth cooled life 
would be able to advance from the poles towards the 
equator, and the whole matter has recently been resusci- 
tated in the polar theory of the origin of faunas (see 
below). 
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Distribution of Crustacean Arcturus as illustrative 
of connection between range and temperature. 

It is chiefly marine organisms which show a close 
interdependence of temperature and distribution. The 
Isopod genus Arcturus and the nearly related AstamUa 
prevail chiefly in the antarctic hemisphere; it is only 
recently however that they have been obtained from that 
part of the world. Until the voyages of the German ship 
" Gazelle " and the English vessel " Challenger " the two 
genera were only known from the northern hemisphere. 
Four or five species of Astadlla occur on the coasts of 
Great Britain, N. America and Northern Europe; while 
the large Arcturus baffini is the only representative of its 
genus from the north, which is an inhabitant of shallow 
seas. It is in the antarctic region of the globe that 
Arcturus is so prevalent. Two species named Arcturus 
coppingeri and A, cmiericanus occur in the shallow water 
off the coasts of Patagonia ; three species of Arcturus^ viz. 
A. furcdtus, A. studeri, A, stMnngi, are met with on the 
shores of Eerguelen, besides a peculiar genus still refer- 
able to the same family and containing one species 
Arctvrides comutus, A single Astadlla, A, marionensis 
lives, as its specific name implies, on the shores of Marion 
Island, not so far from Eerguelen; finally there is a 
peculiar form with eyes on long but immobile stalks, 
Arcturus oculatus, on the shores of South Australia. In 
addition to these inhabitants of shallow water there 
are a number of species which are only found in deep 
water and one (Arcturus furcatus) which lives in both 
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shallow and deep water — a very rare exception so far as 
this group is concerned. The purely deep sea forms with 
their habitats are the following :— 

A. gldcialis, Antarctic. 

A. spinosvs, Antarctic. 

A. anna, Antarctic. 

A. hrwnneua, Antarctic. 

A, my ops y Antarctic. 

A. comutTis, Indian Archipelago. 

A, spinifrons, Fiji. 

A. purpureuSy West Indies. 

A. ahysaicolay Society Islands and Cape York. 

A, tvberosuSy Arctic. 

A, hystrixy Arctic. 

The facts at our disposal about the distribution of this 
family appear to indicate that the genus Arcturua is 
typically a deep sea genus; there are twelve deep sea 
species as against seven shallow water forms, one being 
common to both coasts and sea of great depth. The 
shallow water forms are with one exception exclusively 
antarctic in range; while in the closely allied genus 
AstdcUla the converse is the case, there being but one 
antarctic species. The facts look very much as if range 
here were more a question of temperature than anything 
else; the intervening hotter parts of the oceans are 
without Arcturi ; but the southern forms have been able 
to reach the northern hemisphere or vice versa by taking 
a long dive and coming up again above the equator. The 
deep sea in fact is a cool pathway along which Crustaceans 
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unable to withstand the higher temperature of the surface 
waters in the tropics can pass in safety. 

This view however may be too elaborate ; besides it 
should apply also to the Serolidse which are considered 
below*; another suggestion may arise from the habits 
of these Crustaceans ; the Serolidse live at the bottom and 
swim and crawl on the sand ; the Arcturidae on the other 
hand are stated to cling with their hinder thoi'acic limbs 
to any available object; in this way they might easily 
happen to select some floating piece of wood which would 
ultimately take them on a voyage to the more northern 
from the more southern regions. 

An analogous series of facts with perhaps an analogous 
explanation is ofifered by the flora of New Zealand. There 
are many resemblances in the flora of New Zealand to 
that of Europe. Mr Wallace says that " one-third of the 
entire number of New Zealand genera (115) are found 
also in Europe, and even fifty-eight species are identical 
in these remote parts of the world." No doubt it is easier 
for many plants than for many animals to cross wide 
tracts of ocean, but Mr Wallace is of opinion that mountain 
ranges offer a convenient mode of transit which has been 
probably made use o£ The difficulties of a change of 
temperature would be in this way overcome ; as a matter 
of fact European plants are known from intermediately 
lying mountain tracts such as the Himalayas. 

^ In the Chapter dealing with the Antarctic continent. 
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The country inhabited by an animal is not neces- 
sarily the only one in which it can flourish. 

The view that animals are suited to the countries 
which they inhabit and to no others, that in fact their 
distribution is a matter of temperature, is proved to be 
quite imtenable by the phenomena of colonisation. Sir 
Charles Lyell* refers to the case of the Ligurian bee, Apis 
mdlificaf which is a native of Europe. It was however 
introduced by the early settlers into America and has 
since that time prospered exceedingly on its own account, 
apart altogether from the protection afforded by man to 
his own hives. It inhabits the forests of the interior and 
builds its combs in hollow trees. 

The most striking instance however of successful in- 
vasion of a new country by foreign colonists is offered by 
the sparrow. This bird is now as ubiquitous in most 
parts of the United States as it is in this country. To 
such an extent has it proved capable of adapting itself to 
a new soil and somewhat different climate that measures 
concerted for its destruction by the United States Govern- 
ment have proved quite incapable of producing any great 
effect upon its numbers; and yet it is only a few years 
since it was artificially introduced. 

Perhaps the most striking example among plants of 
the capacity which an introduced organism sometimes 
possesses of suiting itself to new circumstances is the 
common canal and pond weed of this country, the Ancicharis, 

^ Principles of Geology, 
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which was introduced some years since as a rare and 
interesting botanical specimen. 

The rabbits in Australia are another example, whose 
abundance in a country which might appear from the 
nature of its fauna to be unsuitable to the higher Mam- 
malia, has so far baffled the. attempts of (Science to lessen 
their numbers. Within the last few years also a species of 
Zosterops has naturalised itself in New Zealand, this being 
a case of colonisation not helped or caused by man. The 
Bee-fly, Volttcella, has also of late taken up its abode in 
the same country and in other parts of the world. 

In fact plenty of examples might be cited from various 
groups of the animal kingdom to show that there is by no 
means always a close and inviolable connection between 
a given animal and the habitat in which it happens to 
flourish. 

Similarities in the faunas of distant countries. 

Dr Seitz has lately complained that a perusal of such 
books as Mr Wallace's work upon distribution give an 
erroneous impression of the characters of different countries. 
He read that South America has an infinite number of 
Cotingidse and Piprida^, both of which families of birds 
are confined to it ; but during his visit to that continent 
he only occasionally heard the CotingidsB, the Bell-bird 
Chasmorhynchus to wit. On the other hand he was 
struck by the resemblance of tropical Africa to tropical 
America in the large beetles called by the specific names 
of "Hercules" and "Goliath." The brightly coloured 

B. z. 9 
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flying moths of the tropics of the old and the new worlds, 
the Agaristidae and Castniidae, the toucans of America 
and the hombills of the East also contribute to giving 
them a similarity. So too the apes and monkeys ; while 
the newts of the colder regions distinguish them from the 
tropics. The humming-birds of America have a superficial 
likeness to the sunbirds of the old world ; the tapir occurs 
in tropical America and recurs in tropical Asia. Plenty 
of other such resemblances might be cited. 

But a closer examination of the facts dispels the ideas 
of a similarity of the fauna to which they at. first give 
rise. The humming-birds are not nearly related to the 
sunbirds; nor are the toucans the nearest allies of the 
hornbills; ornithologists think that the latter come next 
to the hoopoes. The apparent similarity in fact is due 
to a variety of causes. The deserts of America are 
tenanted by sandy-coloured reptiles just as are the deserts 
of Asia and Africa; but in all cases it is believed that the 
similar plan of coloration is not due to any affinity but 
to their similar needs. The African lizard assimilates in 
colour to the sand in and upon which it lives just as does 
its American representative. Perhaps, as has been sug- 
gested by a competent observer of the birds and beasts of 
India*, the huge beak of the hombill has been produced 
in order to assist it in wrenching off from the stem the 
often tough fruits upon which it feeds; the toucan may 
have got its almost equally large bill by reason of the 
same need. Forest country is inhabited by animals that 
are adapted to life among trees, whence superficial simi- 

1 A Naturalist on the Prowl, by " Eha." 



larities. It is a matter for the greatest wonder why the 
old world tnonkeya have not got prehensile tails. 

On the other hand the similarity of the iaimas of 
tropical coantriea even when widely separated have some- 
times another explanation. The tapirs of America and 
India axe unquestionably allied. They are purely tropical 
Animals and yet separated by a stretch of land which is 
not tropical. But in earlier periods of the earth's history 
we know that Europe was &voured with a higher tempe- 
rature than at present ; we also find the bones of tapirs 
in Europe at that period; hence the inference that the 
tapir has been isolated in its present habitats by the 
gradual decrease of heat in the northern hemisphere. 

These few examples again show how needful it is for 
the student of Zoogeography to have a thorough acquaint- 
ance with the structure of animals ; he must be able to 
distinguish between merely adaptative resemblances and 
real structural similarities. 

ProblemB of Distribution and Evolution. 

It is not necessary now to argue against the doctrine 
of special creation; evolution in some form or other is 
almost universally accepted ; and the &cts of distribution, 
as Darwin himself showed in great detail, are among the 
most convincing proo& of the untenability of any such 
belief aa special creation. We have for instance remote 
islands, such as the Azores, which are quite capable of 
sapportiDg mammalian life, as has been abundantly proved 
by the flourishing condition of purposely or accidentally 
9-2 
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introduced nmmmalia; and ^et these islands are totally 
without any indigenous mammalian population. Many 
of the forest regions of Africa and Asia enjoy a climate 
and temperature like that of the forests of South America, 
and yet we do not find them tenanted by an identical 
&una. A locality which is in every way entirely suitable 
to the life of a particular animal or plant is by no means 
necessarily inhabited by that particular organism. This 
of course is not an argument that is necessarily fatal to 
the doctrine of creation. But it is at least more intelligible 
on the theory of evolution. As the late Mr Romanes 
pointed out' we can better understand that the 400 or so 
species of humming-birds are limited to the warmer parts 
of America because they came into esistence in that 
continent, and are too feeble in organisation to traverse 
the intervening seas which separate them from equally 
suitable countries and localities. There is no explanation 
except that all these 400 were ultimately derived from 
some American parent stock ; otherwise why should the 
400 if betokening so many distinct acts of creation have 
been all of them placed in the same region of the world ? 
Moreover we are met with the fact that tropical regions 
of the old world with abundant flowers are tenanted by 
birds which in some degree resemble the humming-birds 
and lead the same sort of life. These again are limited 
to those regions and are not found in America. On the 
doctrine of special creation it ia hard to understand why 
there should not have been some admixture. 

On the other hand if we accept the theory of descent 
' Darwin, before and ajUr. yoL I., The Darwinian ThBOiy. 



CH. Ill] INDEPENDENT ORIGIN OF ALLIED FORMS. 183 

with modification we are in a better position to grapple 
with the problems oflfered by the phenomena of the 
distribution of animals. Indeed if we hold to the opposite 
theory there are no problems for discussion. 

But though it is absolutely necessary to believe in 
some theory of descent and modification in order to 
explain the fisusts of distribution, this theory itself presents 
some difficulties which will be briefly indicated. It is 
usually held that a given species can only come into 
existence once; that the same modification can only 
appear once and never again. Consequently if we meet 
with the same species in two separate localities^ there 
must have been some time or other communication of 
some kind between them; either the animal in question 
has been able to traverse the intervening barrier or the 
barrier at one time did not exist. If the opposite view 
be maintained, and there are some evolutionists who have 
maintained it, many of the problems connected with 
distribution will at once disappear. Probably a middle 
course is here as in so many cases the safer one to follow. 
The degree of complication of the changes is in all 
likelihood a safe guide to follow. It is for example 
inconceivable, as Prof. Lankester has pointed out, that 
animals which agree in the possession of that characteristic 
and complicated organ peculiar to the MoUusca and 
known as the odontophore should not be all of them 
genetically related. But on the other hand it is easily 
conceivable that two birds might independently lose a 
certain muscle; the fact therefore that they were both 
without this particular muscle would not be an infallible 
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guide to their relationship. A species of bird or reptile 
finding its way to an oceanic island might become darker 
in colour. After an interval the parent stock might send 
a colony to another oceanic island where the same modi- 
fication might well occur, thus exactly reproducing the 
first variety ; this view is supported by Dr Heilprin in his 
text-book of geographical distribution, who controverts 
Darwin's suggestion that the same variety cannot be 
produced twice, owing to the fact that the parent form 
which gave rise to the variety will be supplanted by its 
improved offspring, by reminding the reader of the 
tenacity of form possessed by certain animals, notably by 
some of the Brachiopods, which have persisted unchanged 
for many geological periods. Qeology also seems to show 
that forms do reappear after an interval of total absence ; 
but this may be merely another instance of the lamentable 
"imperfection of the geological record." Dr Heilprin 
thinks that the tapir which occurs in the Oriental region 
and again in the Neotropical may be really the offspring 
of two distinct lines from separate tapiroid ancestors ; and 
that therefore this discontinuity of range does not argue 
an extinct parent form, which sent off offshoots from one 
continent to the other. 

Other geological facts have to be considered which 
will be deferred until the next chapter. 

Means of Dispersion of Animals, 

Animals can extend their range either by active or 
passive migration. Both kinds of migration are hindered 
by barriers of various kinds. 
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A wide expanse of sea is an effectual barrier to the 
mammalia and reptilia but not altogether to birds, 
especially if there be islands which shorten the stretches 
of ocean to be traversed. Even a comparatively small 
tract of ocean, in some cases a narrow strait, opposes itself 
as an insuperable barrier to some forms of life. The 
Amphibia, for example, cannot suffer the contact of sea 
water, which is also fatal to their eggs. Earthworms are 
also killed by sea water. The narrowest strait is therefore 
as efficient a check to the migrations of these animals as 
is the widest ocean. High mountain ranges are also 
hindrances sometimes quite effectual to the extension of 
range of purely terrestrial animals ; partly perhaps on 
account of temperature but probably more on account of 
the physical obstacle. A great expanse of desert is often 
as effective a barrier as a tract of sea. The desert of 
Sahara separates two faunas that are widely different. 
Changes in climate are also to some extent hindrances, 
though not to so great a degree as other barriers. Many 
animals can suffer with impunity an arctic or a tropical 
climate ; the tiger is often regarded as a purely tropical 
creature, but as is well known it extends its range to 
Amurland, in northern China. At the Zoological Society's 
Qardens the polar bears do not show any great mortality ; 
a specimen once lived there in perfect health for 37 years. 
Travellers have described monkeys leaping among the 
snow-clad branches of pine trees upon the Himalayas. 
Minute organisms have special facilities for passive mi- 
gration. M. de Gueme^ investigated the mud adherent to 

1 Comptes RenduSt Soc. Biol, 18SS. 
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the feet of wild ducks and found it to contain after 
cultivation numerous small creatures such as Nematoda, 
Rotifers, eggs of Cladocera, statoblasts of Plwnvaiella &c. 
Not only are the eggs of moQt of these creatures ex- 
tremely patient of desiccation, but the animals them- 
selves would readily survive a short journey. A series of 
journeys would scatter them far and wide over the globe. 
Such small aquatic organisms are known to be widely 
dispersed. 

We find that the facts of distribution are quite in 
accord with these principles. Birds and winged creatures 
generally, such as bats, are on the whole the most widely 
distributed orders of animals. Amphibia and earthworms 
rarely or never occur on both sides of a stretch of sea 
unless there be good evidence to show that a land 
connection once existed. Oceanic islands which have 
been formed de novo in mid ocean and are not detached 
portions of pre-existing continents are almost invariably 
free from such animals as are incapable of traversing the 
sea. If sufEciently distant from any continent oceanic 
islands are generally without mammals, reptiles and 
amphibia, but have both birds and insects and certain 
other invertebrates which are transported to them by 
involuntary migration. 

Influence of geological terrain upon faunas. 

Not only the existence of forests or deserts or open 
pampas are influential in favouring or checking the 
advance of animals to fresh localities ; it is even held that 
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the geological structure of the locality has a great in- 
fluence in the matter. Prof. Edward Forbes held that the 
snails were decidedly influenced by such causes in their 
range. Limestone is as might be supposed the most 
favourable rock for their full development ; but according 
to him a sandy soil is better than a clayey or slaty 
substratum. Certain apparent exceptions to this general 
statement are explained by the greater influence of 
climate ; thus the Shetland Islands abound in limestone 
and yet there is a paucity of shells; on the other hand the 
island of Guernsey is populated by vast numbers of 
specimens of a particular species of snail ; this is not due 
to the un&vourable granite soil but rather to the &vour- 
able climate, which is a stronger influence than the soil. 
Dr Gadow has recently put forward again the importance 
of the geological terrain in affecting the distribution of 
organisms. It is much more important thinks Dr Gadow 
than temperature or altitude. His studies upon the 
subject were made in Portugal, and communicated to the 
meeting of the British Association at Bath in the year 
1888. They relate principally to reptiles and amphi- 
bians; Dr Gadow found reasons for coming to the con- 
clusion that for both these groups of animals the red 
sandstone was by &r the most favourable soil. There is of 
course in these two cases no pretence that the soil has a 
direct effect comparable to the limy soil which is stated 
to be so advantageous to land MoUusca. 
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Dispersal of Oligochseta. 

The involuntary migration of animals is mainly con- 
fined to the invertebrates and smaller vertebrates. Some 
of the former possess special facilities for being carried 
about from place to place, and it is invariably the case 
that these species or genera are the most widely dis- 
tributed. We will commence with a few examples taken 
from the terrestrial and fresh- water Annelids. Earth- 
worms as already mentioned are not easily moved from 
place to place except by their own exertions; there is 
here but little assisted emigration. Rivers it is true 
could, and doubtless do, convey them for considerable 
distances, as many if not all are capable of surviving a 
prolonged immersion in fresh water. M. Perrier kept an 
earthworm for some weeks in a. vessel of water, and I have 
made a similar though not so prolonged an experiment 
myself. This however would not be of much use as a 
distributing agent unless they were thus enabled to 
traverse a desert otherwise impassable. It is possible 
that in this way a peculiar genus of earthworms, Siphono- 
gaster, distinguished by a pair of long appendages of 
problematical use, has been able to pass from tropical 
Africa to Egypt, the Nile serving as the path. It is 
difficult however to see how earthworms could be conveyed 
across the sea\ Floating trunks have been observed far 

^ In the case of this as in so many other groups oceanic islands require 
more study. Earthworms do occur in oceanic islands, hut it seems 
probahle that such widely distributed forms as Eudrilus ettgenice 
(St Helena) and Pontoscolex arenicola (Fernando de Noronha) have been 
accidentally imported. 



CS. Ill] DISPERSAL OF OLIGOCH.ETA. 139 

out at sea and they often harbour even large mammals, 
which may lihus reach a comparatively distant spot ; but 
unless the water remained absolutely calm during the 
long period necessary for the drifting by currents so that 
no splashing occurred the worms would probably be killed. 
Icebergs on the other hand, which often rise high out of 
the water, might conceivably be efficient vehicles for the 
transference of these animals. Prof. Leidy found a small 
worm frozen in a block of ice which recovered ; the worm 
was a member of the family Enchytrseidae, but it is possible 
that a small earthworm with a thick body wall might also 
survive temporary freezing. The most active agents in 
the transference of small animals from country to country 
are however birds ; but in this case they could be of but 
little use. The only way in which a migration of this 
kind could be effected would be in the cocoon; earth- 
worms invariably deposit their eggs in chitinous cocoons 
from which the young do not emerge until nearly adult. 
But these are often deposited deepish in the ground, or at 
the roots of grass, whence they would not be very likely to 
be detached by, and to stick to, the feet of birds. The 
case however is different with the aquatic Oligochseta. 
These worms are in the first place smaller than the 
majority of earthworms, with smaller cocoons, which could 
be more readily transported ; in the second place they are 
deposited often at the margins of pools, where Limicolae, 
ducks, and other birds are in the habit of dabbling. The 
possibilities of successful migration by these means is 
increased by the fact that whereas in earthworms it is the 
rule for one or at most a limited number of individuals to 
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emerge from a single coooon, the lower worms often 
emerge in great quantities from a single coco6n ; a single 
cocoon therefore conveyed to a new locality may be the 
means of founding a perfectly flourishing colony. The 
little genus ^olosoma, distinguished by the brilliantly 
coloured oil globules with which the skin is ornamented, 
has, so &r as regards one species at any rate, the power of 
temporarily encysting itselP, it has thus a double chance 
of carriage to a distant locality at the hands or rather at 
the feet of birds. We find that these fisusts are in 
accordance with the actual distribution of the animals 
concerned. Ejarthworms as a rule are not found in 
countries unless there is a reasonable probability of their 
having reached them by their own eflForts in traversing 
the soil, while the aquatic Oligochseta are often very widely 
distributed. I have given a few instances of this above. 
It has been also pointed out that many of the aquatic 
Oligochaeta possess other meaxis of dispersal by birds in 
addition to the cocoons. The setae are often such as 
would readily adhere to any rough surface, owing to their . 
hooked and bifid tips and their considerable size in 
proportion to that of the body. 

Dispersal of land and fresh-water MoUusca. 

This subject has been so recently and fully treated by 
Mr Kew' that it is only necessary to make a few extracts 
from his book. The extension of their range on the part 

^ Cf. Ann, and Mag, Nat. Bist. Jan. 1892, p. 12. 

2 The Dispersal of Shells. Int. Sci. Series, London, 1898. 
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of fresh-water MoUusca can be studied in its most simple 
aspect by a consideration of the faunas of artificial ponds 
and of " dew ponds." The latter are, it should be explained, 
artificial ponds dug and lined with concrete or chalk mud 
for the convenience of cattle ; they are left to be filled by 
rain, dew, and the condensation of mist. At first devoid 
of inhabitants such ponds gradually become stocked, thus 
proving a capacity for active or passive migration on the 
part of the MoUusca. Careful and successive observations 
have proved in a few cases the actual time in which a 
^ven pond may become populous. An isolated pond 
near Leeds investigated by Mr Nelson during the years 
1860-63 yielded two bivalves, Sphcerium lacustre and 
Pisidium ptmllum, and two Gastropods, Planorbis nautilus 
and Lymncea peregra. About 1873 an additional species, 
Planorbis comevs, was discovered; and finally ten years 
later the MoUuscan faima was increased by six other 
species. Now this particular pond was in no communi- 
cation even in seasons of flood with any other pond or 
stream ; hence its inhabitants must have arrived by some 
other conveyance than running water. To be able to 
travel at all, and we shall enquire immediately into the 
means of dispersal, implies considerable tenacity of life, 
principally in withstanding the fatal effect of a too thorough 
desiccation. That this tenacity of life need not by any 
manner of means be underestimated in dealing with the 
problem under review, is shown by the fact that an 
Australian Unto " having already survived in a dry drawer 
for 231 days, packed up (after being tested in water) and 
forwarded to England, reached Southampton in a living 



142 MIGRATIONS OF MOLLUSCA. [Cfi. ni 

state 498 days after its capture." This may serve as a 
sample from a rich store of instances. 

Some aquatic Mollusca leave the water and travel over 
the fielda This is the case for instance with Lymncea 
truncatttla. Those that are not able in this way to travel 
from pond to pond have to trust to vehicles which may be 
animate or inanimate. Whirlwinds have been proved to 
take up and deposit safely at a distance shoals of little 
fish; and not only fish but Mollusca — a thundercloud at 
Paderbom in Germany rained down crowds of the fii-esh- 
water bivalve Anodonta anatina. More effective in ex- 
tending the range of such Mollusca are birds and insects. 
Canon Tristram on one occasion shot a mallard in the 
Sahara to the feet of which were attached "the eggs of 
some Mollusc — probably Svccinea" Mr Darwin proved by 
suspending a duck's feet in an aquarium that the newly 
hatched young of univalves ,mll adhere, and might there- 
fore be carried long distances. But on the other hand 
there is little positive evidence that such a means of 
transit is made use of iji nature. Mr Kew enquired with 
negative results from a large number of our leading 
ornithologists whether shells had actually been found 
adherent to the feathers or legs of birds. As a mere 
matter of probability everyone is agreed that this method 
of transit is feasible ; suggestions as to how it may take 
place are unfortunately considerably in excess of records 
of the actual event. Insects however have often been 
taken with bivalve shells actually adhering to them ; "five 
individuals at least," says Mr Kew, " of the water scorpion 
(Nepa), a large Qying bug, have been caught with shells 



CH. in] DISPERSAL OF MQLLUSCA. BY INSECTS. 143 

attached" The great water beetle Dytiscus has also been 
proved to aid in the dispersal of fresh-water MoUusca, 
while the small Notonecta, the " water boatman," belongs 
to the same category. These insects are powerful fliers 
and could certainly get from pond to pond even when 
weighted with a small bivalve. It is bivalves that they 
have been proved to convey, not univalves. Birds, newts 
and toads have also been shown to act as the means of 
dispersal of Lamellibranchs. The fact that these can and 
do snap at and hold tight to any object that is thrust 
between the two valves of the shell ensures their dispersal 
in this way. 

The above facts enable us to understand the peopling 
of isolated ponds. The distances to be traversed are so 
small, that the means of dispersal appear to be quite 
adequate. We now come to the more diflScult question of 
crossing arms of the' sea or, it may be, wide tracts of 
ocean. We must consider also the terrestrial as well as 
the aquatic species. That both classes of MoUusca do 
cross even the widest seas is shown by their occurrence in 
oceanic islands; that this occurs but rarely is shown by 
the peculiarities of oceanic island Mollusca as compared 
with those of the nearest mainland, whence they have 
been presumably colonised. It is noteworthy however 
that those who know most about the group invoke a 
former land connection where possible. Thus the Rev. 
A. H. Cooke in considering the rich fauna of land Mollusca 
of the Philippine Islands \ so varied upon the different 

1 P.Z.S. 1892, p. 447. 
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islands, discusses the problems offered entirely from the 
point of view of former land connection. 

Such land Mollusca as are operculate can of course 
close their shells and so endure with impunity events that 
would be fatal to others ; even the temporary operculum 
formed by Helix is effective in this way. It is important 
too to notice that fi^sh-water Mollusca can in some cases 
endure brackish water, but it is stated by both Darwin 
and Wallace that adults and ova are immediately destroyed 
by salt water. This is of course fatal to the theory that 
floating timber and brui^hwood can convey fresh-water 
Mollusca in safety from shore to shore. Ice on the other 
hand may well be carrier; Anodonta and Suocinea and 
Palvdina have been frozen and have survived after libe- 
ration. With regard to land Molluscs their tenacity of 
life has become almost proverbial through the famous case 
of the Helix desertorum in the British Museum. More 
important is the record that out of 100 land shells im- 
mersed in the sea in a box pierced with holes for a 
fortnight 27 recovered; but of these 11 (out of a total of 
12) were the operculate Cyclostoma, Helix however may 
sometimes survive a similar treatment. 

In this way it is possible, or, according to Prof. 
Semper*, likely that ocean currents propelling tree trunks 
or even " floating islands " such as are known in tropical 
seas may have effected the dispersal of land shells. But 
in such cases it must be often necessary that the Molluscs 
in question had secreted themselves in the crevices of the 
bark of trees, a habit which has been apparently assigned 

^ Animal Life, Int. Sci. Series. 
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to them without too much reason. Animal agencies for 
the dispersal of both land and fresh water shells for long 
distances across the sea are practically limited to birds; 
and as has been already mentioned this method of trans- 
port must be rare as it has been so seldom observed. The 
dispersal of slugs is of course harder to understand than 
that of snails, as they have no protective shell. And yet 
they are found in such remote islands as New Caledonia, 
New Zealand, the Auckland Islands and some of the 
Mascarene Islands. Madeira and the Azores have Arion, 
which Mr Cockerell says^ " has some appearance of being 
native," though he makes the significant additional remark 
that " none of the species are peculiar*." The slug TestaceUa 
makes a temporary cocoon, as do the land planariaus and 
some earthworms, in which no doubt it can survive drought. 
But this will not sufficiently account for dispersal over 
the sea; and sea water is fatal to slugs and their eggs. 
The eggs however are sometimes deposited in hollow 
trunks of trees, where even the animals themselves occa- 
sionally hide. The various methods of migration used 
by other Molluscs may possibly be effective in the case of 
slugs; but at present there is here more than anywhere 
a lamentable want of actual fact. 

Dispersal of Amphibia. 

The migrations of the larger aquatic animals are more 
difficult; and yet they have not unfrequently a wide 

^ Geographical DUtribtUion of Slugs, P.Z,S, 1891, p. 214. 
» Cf. p. 162. 

B. Z. 10 
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range, which means power of dispersal The edible frog, 
Rana esculenta, is a case in point. This species extends 
from Great Britain, where however it is supposed to have 
been introduced, in the West to Corea and Japan in the 
East and to Algeria in the South. Its range in fact is 
over the entire Palsearctic region ; but individuals from 
Siam agree with Japanese specimens, so that the frog is 
Oriental as well as Palsearctic in habitat. In a paper 
upon the distribution of this frog Mr Boulenger^ quotes 
14 synonyms, generic as well as specific, thus illustrating 
the difficulties introduced into the study of geographical 
distribution by imperfect acquaintance with zoological 
fact. Intermediate forms Jiowever prove that there is but 
one species, divisible into four varieties. It is a question 
whether certain of these varieties which occur in the 
same country and do not interbreed are not rather of 
specific than varietal value ; but in any case they must be 
derived from the same stock, and the eastern variety does 
not overlap any of the western. These facts seem to 
argue powers of extended migration hampered by infre- 
quent opportunity. A river system appears to be, at least 
as a rule, inhabited by an identical fauna throughout, 
though its course may be, as is that of the Nile, from 
tropical to temperate regions. But river systems are 
isolated from each other by intervening mountains ; and 
moreover the rapid streams at the source are not suitable 
for Amphibian life ; hence a species which inhabited one 
river system would not in the ordinary course of events 
get within a measurable distance of the tributaries of 

1 P.Z.S. 1891, p. 874. 



another river system. We cao only understand the rain- 
gling of the faunas of two river systems by wide-spreading 
floods or by alterations in mountain ranges. Mountain 
ranges are necessarily modem, geologically speaking, 
owing to the potency of the effects of subaerial denudation. 
Different relations existed in river systems before their 
upheaval ; and .it is probably to facta of this kind and 
potaMy also to whirlwinds that we must trust in reflecting 
upon the migrations of the Amphibia, which cannot be 
much carried about by birds, as they are absent from 
oceanic islands', even so close to the mainland as is 
Fernando Noronha. 



Dispersal of Reptiles. 

It will be pointed out later that as a rule the only 
terrestrial vertebrates of purely oceanic islands, if there 
are any at all, are Reptiles. This necessarily argues that 
Beptiles possess some power of crossing the sea which is 
denied to other vertebrates. There are a certain number 
of tacts which favour this view. While there are com- 
paratively few mammals which voluntarily take to the 
sea, there are not a few reptiles which either live almost 
habitually in sea water without any corresponding modi- 
fication of structure, or which occasioiially are met with 
in salt water. 

' T1mi« U hovferer Bnfi) dialophta ol the Sandwieli lalands ; it iDay 
ht tbkt the itringi of egg« prodnced by the toad aie more portable by 
biidi than the mana of eggs of the fiog. 
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Coupled with this series of fiicts, which will be dealt 
with immediately, there is the tenacity of life of reptiles to 
be constantly home in mind. The most feuniliar example 
of a Lizard which is almost entirely marine is the remark- 
able igoanoid AnMyrkynchus of the Galapagos. Not 
only does this lizard take long swims out to sea but it can 
evidently only be drowned with difficulty. Darwin made 
the experiment of sinking one to the bottom for several 
hours» at the conclusion of which it appeared to be 
uninjured. It is even a question whether the animals 
may not possibly be able to respire oxygen dissolved in 
sea water; at any rate it seems certain that some other 
reptiles, e.g. certain tortoises, can. The pharynx of a few 
species^ for instance the water tortoise Aapidonectes, is 
provided with filamentary appendages, apparently attached 
to the remains of the giU arches, which are full of blood 
vessels and which enable the creature to breathe ; at any 
rate this tortoise has been kept under water for the space 
of 10 hourSL It is held that these vascular tufts are the 
homologues of the gills of the Amphibia, and it is quite 
conceivable that this capacity for breathing oxygen dis- 
solved in water may have been inherited by other reptiles 
besides the tortoises 

Apart altogether from theories there are other reptiles 
besides the AnAlyrhynckus which can swim with impunity 
in sea water and which do so onoccasions. 

The crocodiles of the present epoch are entirely fresh 
water in habit ; but the majority of the extinct families 
were on the contrary marine. From the ancient BelocUm 
downwards we meet with the remains of the crocodiles in 
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marine strata, which in' all probability indicates that they 
were at least frequently in the habit of swimming out to 
sea. It is not of course positive proof, for it might be 
urged that we have to do merely with the remains of 
crocodiles which had been washed down the rivers after 
death. The interesting point in connection with these 
habits of the more ancient crocodiles is that many living 
crocodiles will take to the sea sometimes ; a crocodile has 
been met with at a very long distance from land — ^within 
the last year or two a crocodile has been recorded at the 
Cocos Islands, which must therefore have swum for a con- 
siderable distance. 

Not only are there purely marine snakes, like the 
poisonous Pelamys, but serpents which are habitually 
terrestrial will make an occasional trip to sea. It is 
stated the snake Tropidonotus tesselUUus (allied to our 
common Grass snake) which lives upon the shores of 
Dalmatia will enter the sea. Even the cobra {Naia 
tripudiana) has been captured entangled in the anchor 
chain of a ship^ Fresh water tortoises are by no means 
always impatient of salt water. And finally as many 
lizards and probably all snakes can swim in fresh water it 
is quite a reasonable supposition that in some cases they 
could survive a sea voyage. 

With these examples before us it is clearly incorrect 
to say that lizards and serpents are incapable of passing 
ocean barriers, which indeed their presence on oceanic 
islands shows conclusively that they can do. Mr Wallace 
while admitting that lizards possess some means of 

^ Gf. Simroth, Die BnUtehung der Landthierf.. 
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dispersal across the sea thinks that this migration is 
eflFected involuntarily and in the egg state. As to in- 
voluntary migration on the part of reptiles Mr Wallace 
quotes the case of a boa constrictor which floated on a 
cedar to the island of St Vincent, two hundred miles away 
from its home, where it killed a sheep before it was itself 
put an end to. 

Evidence of capacity for Migration on the part of 

a given animal. 

As Prof. Semper has acutely pointed out ^ the facilities 
for migration possessed by an animal can be to a certain 
extent measured by the amount of modification gone 
through by obviously migrated individuals. Naturally 
no clearly defined scale can be drawn up; but if an 
animal, say a Mollusc, can very readily cross the sea to an 
oceanic island it will be likely that its descendants upon 
the island will hardly, if at all, differ from the parent 
stock upon the main land. The reason of course is that 
migration being easy will be constant and frequent, thus 
preventing the acquisition of new characters througli 
isolation ; the perpetual interbreeding with newly arrived 
individuals of the parent race will securely keep the 
progeny in the original mould. Of course other causes 
must also come into play, but this fact cannot be without 
significance. 

It has beeii already pointed out that Reptiles are rare 

1 Animal Life, Int. ScL Series. 
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on oceanic islands; indeed they are more often entirely 
absent than present even in small numbers; hence it 
must be inferred that they have peculiar difficulties in 
crossing a considerable expanse of ocean. When they are 
met with upon oceanic islands, as for example in the 
Galapagos, they have undergone considerable modification, 
thus emphasising from another point of view the diffi- 
culties of their transference. On the other hand birds 
are of all animals the most liberally endowed with the 
capacity of crossing long stretches of ocean; correlated 
with this the birds of oceanic islands are not always 
greatly modified as compared with their nearest allies 
upon the mainland; this is particularly well shown in 
such birds as are in the habit of taking long flights ; the 
Waders for instance of oceanic islands are but rarely of 
different species from those of the adjacent continents. 
On the other hand the finches and such like " small birds/' 
frequently arboreal, depending entirely or largely upon 
vegetable food, and not in the least marine in their 
proclivities are commonly much specialised upon oceanic 
islands ; often indeed to such a degree that their affinities 
are hard to interpret, as is particularly well shown in 
the case of some of the Sandwich Islands' birds (for which 
see below). 



Influence of human interference upon Migration. 

In considering the fisu;ts and problems of distribution 
it is very important to eliminate the changes in faunas 
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,due to the interference of man. Such islands as St 
Helena have had their fauna and flora radically changed 
by these means. 

But there are other cases in which man hcks probably 
had an influence which are not quite so obvious as that 
just cited. Many small land MoUusca are readily carried 
by ships laden with timber or other material upon which 
such animals are found ; and the same kind of argument 
applies to numerous other cases. When therefore we find 
an identical species upon the two sides of a wide ocean 
or other barrier hardly to be crossed by the animal in 
question, we must not at once assume that this is evidence 
of past land connection, or of unsuspected facilities for 
crossing the barrier; it may be merely a question of 
transport by ships. A consideration of the distribution of 
certain genera of earthworms will serve to illustrate the 
kind of argument and tests which may be appUed to sift 
these cases. 

The continent of Europe, and, so far as it is known, 
northern Asia and the whole of North America is chiefly 
tenanted by members of the genera Allurus, Allolobophorcb 
and Lamhricus, There are but few other genera than 
these met with in the regions named. But these same 
genera also occur in every other part of the world. They 
are abundant for example in South America and in New 
Zealand. A gathering of earthworms from tropical regions 
is in fact, so far as my own experience goes, rarely without 
LumbricidsB. This might be urged as an argument for 
the antiquity of this particular family ; but as a matter of 
fact the structural relations of this family to others .seems 
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rather to indicate that it is modem. Indeed the world- 
wide distribution of the three genera is really in all 
probability due to the interference of man and not to 
their own unaided efforts. The reasons for this are 
twofold. In the first place it is important to show that 
accidental transference is possible. This is shown by the 
fact that Wardian cases received at the Royal Gardens 
Kew frequently contain earthworms which have been 
included accidentally. 

In plenty of other ways could specimens be conveyed 
in this way from one country to another. Now were the 
occurrence of the same genera in so many and so distantly 
separated parts of the world a &ct due to natural causes 
alone, we should expect to find some differentiation of 
species. But this is precisely what we do not find. 
Without a single exception^ the LumbricidsB from extra- 
European regions are identical with those of Europe; 
there is not even a variety known which is characteristic 
of a foreign continent. This is an argument of great 
force ; if this dispersal were of old standing, as it must 
have been were it brought about by purely natural causes, 
time would have elapsed to allow of some modification in 
various directions. The second argument is derived from 
a consideration of the actual range of the presumably 
imported species in the country of their adoption. Dr 
Michaelsen has pointed out that in South America, where 
Lumbricidse are very abundant, they are most abundant 
in cultivated ground near to the coast, nearest to the point 

^ Unless AUolobophora Japoniea, But of course Japan belongs to 
the Pahearotio region. 
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of disemborcation ; the further we recede from the coast 
the rarer do the European LumbricidsB become; in the 
interior of South America they are not to be seen. Prof. 
Spencer met with exactly the same state of afiGetirs in 
Australia; the gardens in the towns abound in Lumbri- 
cidse to the almost entire exclusion of the truly indigenous 
forms ; to find these the cities must be left behind. The 
coincidence is too great to be passed over. This leads to 
the inference that in the case of these particular genera 
the forms met with outside the Palsearctic region — perhaps 
even including North America — are due to carriage on 
the part of man. Every case of a supposed wide distribu- 
tion of a species should in the same way be submitted to 
careful criticism before acceptation as a &ct of distribution. 
Mr Macpherson's record^ of an African lizard in Cumber- 
land and Dr Gray's statement of a young crocodile 
hidden beneath a haystack need no special examination 
to deny their claims to indigeneity ; but there are plenty 
of cases like that of the earthworms just referred to. 

On a former page we have dealt with discontinuous 
distribution as a phenomena explicable in various ways. 

An excellent instance of the discontinuous distribution 
of a species due to the influence of man is afforded by the 
common bear {Ursua arctos) of Europe. And here we 
can, which we could not in the last case, fill up the gaps 
for ourselves with certainty and not merely with reason- 
able probability. In a carefully coloured map illustrating 
the distribution of the bear-like Camivora Dr Grev6' 

^ The Natural History of Lakeland. 

* Zool, Jahrbilcher, Vol. vi. Abt, /. 8y»t. 
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tints nearly the whole of the Pakearctic region with the 
colour which he uses to express the range of this Camivora. 
He also indicates the tract of country from which this 
bear has died out within the historic period. At the 
present time there are several isolated patches to the 
west and south of the country continuously occupied by 
the animal, where it is still to be met with ; such as the 
Pyrenees and a portion of Switzerland. These isolated 
patches are in most cases connected with the main area 
by regions from which the animal has recently retired. 
Another map illustrates precisely the same kind of distri- 
bution exhibited by the lynx. This animal has a range 
almost co-extensive with Ursus arctos, but it does not 
get into Japan, which the bear does. It persists as two 
outliers in Western Europe almost exactly corresponding 
to those of the bear. But a tract on the east coast of 
Italy no longer inhabited by the lynx is still the home of 
the bear. Cultivation and civilisation are no doubt the 
cause of these gaps ; but it is curious that they should 
have been more effective in the case of the smaller lynx 
than the larger bear. 

The existing Distribution of land and sea considered 
in relation to Zoological Geography. 

In considering the phenomena of distribution at the 
present day, it is important to bear in mind that the 
existing distribution of land and sea has on the whole 
remained the same for very long periods, according to 
some for as long a time as we have any cognizance o£ 



A 
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There are, it is true, those who would evolve a continent 
to account for the range of a genus of beetles ; but on the 
whole the evidence is against any such radical views of 
past changes in the positions of oceans and continents. 
The superstition of Atlantis connecting Africa and America 
has perhaps not quite died away; and Mr H. O. Forbes 
would relegate the tropical island of Madagascar, not to 
mention the colder and more southern regions, to the icy 
clasp of the Antarctic continent. 

Evidence in favour of Permanence of Oceans. 

The evidence in favour of the permanence of oceanic 
area as such has been recently summed up by Mr Blan- 
foJd^ The arguments are fourfold. 

I. It has been ascertained that the density of the 

\ earth's crust below the deep oceans is greater than that 

Celsewhere. This leads to the inference that this has been 

so always, because denudation, if the ocean bottom had 

been ever dry land, would have removed this inequality. 

The detritus washed away by the action of rivers, rain, 

and such causes would have tended to equalise the density 

of the land everywhere. Mr Blanford however points 

out in criticism of this suggestion that the observations, 

' due to Archdeacon Pratt, were made only in the Indian 

Ocean, and may perhaps not hold universally. The 

argument therefore is not of that weight which may be 

fairly attached to some other considerations. 

1 Presidential Address to Geological Society, 1890. 
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n. It seems to be well ascertained that no oceanic 

islands are formed of stratified rocks belonging to early 

geological periods. They are in the main either of recent 

▼olcanic or coral formation. Sir Archibald Geikie in 

reviewing the Abb^ Benard's petrological work upon the 

rocks of the island of St Paul in the Atlantic in Nature 

some years back entitled his review, " A search for a lost 

continent with a microscope." But no amount of research 

either with or without a microscope has ever revealed the 

slightest traces of a pre-existing continent in the oceanic 

islands of any of the great oceans. On the other hand it 

has been- found that certain islands, once regarded as 

purely oceanic, are in reality not so. This is the case 

for example with New Caledonia, which contains both 

palffiozoic and mesozoic rocks, though it is isolated by 

water exceeding 1000 fathoms in depth. But these few 

instances do not invalidate the general conclusion. Yet 

two possible criticisms must be borne in mind; in the 

first place we are not as yet in possession of all the 

requisite knowledge about all the islands in question ; in 

the second place we can imagine a subsidence of a large 

continental tract which would leave above the surface of 

the water no trace of its continental origin. If Africa, as 

Mr Blanford points out, were to be submerged 2000 

fiithoms below the sea only a few elevations would remain ; 

these are Mt Kilimanjaro, the Camaroons, and a few 

other peaks; these mountains it must be remembered 

are purely volcanic in structure and would give no 

clue to the fiite which had overtaken the surrounding 

land 
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III. The third argument is of equal force, or perhaps 
of greater force, than the last. If the great ocean depths 
have not always been permanent we should expect to 
meet with, among the stratified rocks, evidence of deep-sea 
deposits. Here again defective knowledge offers a way- 
out of the difficulty to those who choose to believe in a 
thorough change from time to time of the existing 
relations between continental areas and the great oceans ; 
the fact that no continental deposits present any likeness 
to deep-sea "oozes" and "clays" seems to prevent the 
holding of such a theory ; but the matter requires to be 
more thoroughly disproved. An exploration of certain 
geologically little known tracts might reveal evidence in 
favour of the view which is at present not forthcoming. 
It was at one time held that there is a great likeness 
between the chalk of the Mesozoic epoch and the globi- 
gerina ooze now in course of deposition in certain tracts of 
the ocean. Superficially this resemblance is not a little 
striking; but a closer comparison dissipates the theory. 
It is true that in the deep sea — ^in regions where the 
globigerina ooze is found— certain animals exist which 
are identical with or very closely allied to animals 
characteristic of the chalk. The Echinoids with flexible 
tests, numerous Cidarids, and the species of the Globi- 
gerinsB themselves bear out this statement. A careful 
analysis however of the chemical composition of the ooze 
and a comparison of the results thus obtained show 
divergences which are of importance. The percentage 
of carbonate of lime in chalk is from 94 — 98 "Z^, while 
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in ooze from a depth of many fathoms in mid-Atlantic it 
is only 43 — 79 °/o. Chalk has a very small quantity, of 
silica, alumina and insoluble debris, while in ooze there 
is 10 — 43 °/o of these substances. 

IV. Dr John Murray found that the ooze from shallow 
water resembles chalk much more nearly than that fix>m 
depths over 1000 £Bithoms. Prof Agassiz has described a 
shore deposit largely derived from the debris of coral rocks 
which bears a very close resemblance to chalk ; and it is 
possible that the chalk of Europe was to some extent at 
any rate formed from the denudation of the coral ree& 
which were so abundant during the oolite period. The 
most striking instance which appears so fisu: to support the 
contraiy proposition is the Badiolarian earth of the 
Barbadoes, and perhaps of some of the other West 
Indian islands. This overlies unquestioned sandstones 
of tertiary origin; hence it follows that, since the be- 
ginning of the tertiary epoch, the land immediately 
surrounding those islands and the islands themselves 
must have been depressed to a depth of at least 1000 
fS&thoms. 

Evidence against the view that existing Oceans 
have not largely changed their areas. 

There is another series of facts which have a bearing 
upon the problems at issue, and which indicate, though 
obscurely perhaps, a possibility that fisur back in time 
there may have been a relative disposition radically 
different frx>m that now prevailing. 
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That this may have been so is suggested by two con- 
siderations deduced from two classes of fiicts. In the first 
place the former wider range of organisms than now is 
well known. This has been held to imply a former pre- 
dominance of more uniform conditions of temperature 
and climate, but it may also perhaps be looked upon as 
evidence of another kind, which we shall now enter into. 
I quote from Prof. Heilprin's manual the fact that out 
of 13 Silurian and 24 Devonian Brachiopods found in the 
deposits of China 10 of the former and 16 of the latter 
occur in European formatious, a proportion which is not 
only very striking, but almost inexplicable on the hypo- 
thesis that the conditions of marine life in the several 
regions were then precisely as now. 

Another example may be taken from the Graptolites. 
This is a particularly useful example, for it enables us to 
make use of the dilemma. It has been suggested that 
the Graptolites flourished in deep water and that the 
rocks which contained them are therefore true deep-sea 
deposits. If this is admitted, then the question is settled 
at once without any necessity to proceed further. But 
if not, we have to account for the striking fact that out 
of the 24 species of Graptolites from Australia no less 
than 18 are species belonging to Canada and the United 
States. 

Now we may contrast with the conditions that ob- 
tained during the Palaeozoic period those which obtain 
at the present day. And the contrast is most thorough. 
Prof Heilprin remarks that out of "the 400 or more 
species of molluscs inhabiting the Japanese waters it 



CH. Ill] ANTABCnC CRUSTACEA. 161 

appears that not more than 20 are found on the west 
coast of North America." The proportion, in &ct, instead 
of being three-fourths is one-twentieth. It will be re- 
membered also, in estimating the significance of these 
fietcts, that the coasts of Japan enjoy a climate and tempe- 
rature that is not widely different from that which is en- 
joyed by the coasts of the part of America brought into 
comparison. 

We may take as another example the Isopod Crusta- 
ceans of the antarctic r^on which have been investi- 
gated by the '' Challenger/' '' Gazelle/' and recently by the 
German Polar expedition, the results of all these expedi- 
tions having been carefully reported upon by Dr Pfeffer. 
He enumerates 55 marine species of which only five have 
at all an extensive range, and two of these, which are 
stated to inhabit at once the shores of Patagonia and of 
Rio Janeiro, are queried. As to a more northward ex- 
tension there are no species which show any signs of it. 
The genera enumerated are in all 27 ; and out of these 
11 are limited to the southern ocean in the antarctic area. 

So much then for the first series of feu^ts, which is that 
the wide past distribution of marine animals contrasts 
with the present limited distribution of the same, even 
along areas which have very similar climatal conditions. 

Many geologists, including Mr Mellard Reade\ have 
pointed out the extreme similarity between the con- 
temporaneous or supposed contemporaneous rocks in 
different parts of the world. When we ^'consider the 
rocks/' says the last-mentioned observer, '' constituting the 

1 Natural Sdenee, 1894. 
B.Z. 11 
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Carboniferous formation, the persistence of characteristics 
over large areas of the earth's sur&ce is mpst striking. 
The repetition of coals, sandstones and shales in the 
Carboniferous rocks of the North American continent 
and in that of Great Britain seems almost to point to a 
common origin." And this is by no means the only 
example that could be adduced of the closest lithological 
analogies between contemporaneous rocks in widely sepa- 
rated localities. 

These two series of facts almost seem to lead at once 
to the conclusion that we have here evidence that in, say 
the Carboniferous period, there was a tract of ocean con- 
tinuous fix)m east to west of not great depth, which would 
point to adjacent land and set aside the theory that the 
deep oceans of to-day have always been practically the same. 

But there are some criticisms to consider first. It has 
been objected to the question of contemporaneity, let 
alone the continuity, in a given formation that it is im- 
possible strictly speaking, since organisms take time to 
migrate. A given species comes into existence let us 
suppose in the Australian district; it has to get to the 
European seas where it may be also found ; the time that 
elapses while this journey is made is longer or shorter ac- 
cording to the distance and to the variety and difficulty 
of the obstacles. " For anything that Geology or Paleonto- 
logy is able to show to the contrary," wrote Prof. Huxley, 
"a Devonian &una and flora in the British Islands may 
have been contemporaneous with Silurian life in North 
America and with a Carboniferous fauna and flora in 
Africa." 
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In this case it would necessarily follow, on account of 
the disparity of age, that there need be no similarity in 
conditions between the different parts of the world during 
the same geological period. Pro£ Nicholson^ accepting 
this critidsm, observes, '^ Most of the &cts bearing upon 
this question may be elicited by a consideration of such a 
widely extended and well-known formation as the Moun- 
tain Limestone or Sub-Carboniferous limestona This 
formation occurs in localities as remote from one another 
as Europe, Central Asia, North America, South America 
and Australia; and it is characterised by an assemblage 
of well-marked fossils, amongst which Brachiopods be- 
longing to the genus Productus may be specially singled 
outw Now if we believe that the Carboniferous Limestone 
in all the widely distant localities was strictly contempo- 
raneous, we should be compelled to admit the existence 
of an ocean embracing all these points, and in spite of its 
enormous extent so uniform in temperature and depth 
and the other conditions of marine life, that beings either 
the same or very nearly the same inhabited it from end 
to end." These two statements are ingeniously met by 
Pro£ Heilprin. They imply, he says, that every animal 
has migrated in exactly the same way and direction. 
And it is hardly conceivable, in &ct impossible, that this 
can have been eveiywhere the case. "Given the possible 
equivalence in age, as is argued, of the Silurian &una of 
Nocth America with the Devonian of the British Isles, 
and the Carboniferous of Africa or any similar arrange- 
m0[it, why has it never happened that when migration, 

^ MamuU of PaUumtofogy. 

11—2 
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necessitated by alterations in the physical condition of the 
environs, commenced, a &una with an earlier &cies has 
been imposed upon a later one, as the Devonian of Britain 
upon the Carboniferous of Africa, or the American Silurian 
upon the British Devonian?" The migration of one 
animal might have been in one direction and the migra- 
tion of another in the reverse direction. 

Besides the migration of animals can hardly be sup- 
posed always or often to occupy a space of time that 
could be fairly compared to a geological period. Especially 
is this the case with marine creatures whose powers of dis- 
persal are so much greater than those of terrestrial animals. 
The Indo-Pacific &una for example is widely spread at 
the present day ; and formations now being laid down at 
the extremities of this vast area are not only synchronous 
but will entomb the remains of largely similar organisms, 
often of identical species. 

These general considerations lead to the discussion of 
the following particular examples of a possibly greater ex- 
tension of land in past times through what is now deep sea. 

Evidence in favour of a formerly more extensive 

Antarctic Continent. 

Faunal conditions in the southern hemisphere have 
recently been applied again to the question of a former 
northward extension of the antarctic continent. The 
evidence has been brought together by Mr H. O. Forbes^ 

1 Proc, Bay. Qeog, Soc, 1894. 
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The continent at present is entirely ice-bound, and 
though of great size, about twice as large as Europe, does 
not bulk largely upon most maps ; this is due to the small 
extent of coast line which has been explored. At present 
the antarctic continent is probably almost entirely with- 
out a terrestrial fauna by reason of course of its rigorous 
climate. 

Mr Forbes boldly draws imaginary land tracts connect- 
ing this region with the adjacent continents of Africa, 
America and Australia. There is certainly some evidence 
in fiivour of such a connection having once existed. There 
are however numerous fiicts which appear to negative 
such an idea. The negation however is possibly more 
apparent than real It has been pointed out that the 
ocean which separates the south polar continent from any 
other land is of great depth, and all those arguments for 
the permanence of the great oceans apply in this case as 
in the others dealt with on a previous page. But it must 
be admitted here as in so many cases that our knowledge 
of ocean soundings is far from complete; Mr Blanford 
points out^ that south of Africa there are no soundings 
and that therefore we are at liberty in the meantime to 
r^;ard as possible the existence of a bank uniting the 
two continents of no greater depth than the Mozambique 
channel It is however rather New Zealand and Pata- 
gonia which are allied in their fauna than either of them 
with the southern parts of Africa ; resemblances between 
tropical Africa and tropical America have been dealt with 
on another page (p. 112). These likenesses in a few cases 

^ Piesidential address to Oeol. 8oe. 1890. 
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amount to positive identity of species ; and moreover of 
species whose identity is exceedingly remarkable in rela- 
tion to the problem offered for solution. 

That the Penguins should extend throughout the 
whole antarctic area from New Zealand to Patagonia is 
not so remarkable a fact; there is no need of evolving 
a continent for the convenience of these almost marine 
birds, or even to explain the wide range of the purely ant- 
arctic Chionis. Nor do the arguments, such as they are, 
which are to be derived from a study of the range of the 
living "struthious" birds appear to have overwhelming 
force ; both Penguins and struthious birds are in all pro- 
bability the remnants of ancient tjrpes; and their relega- 
tion to the southernmost half of the globe is as much 
in accord with the polar origin of life dealt with elsewhere 
as with a former extensive antarctic continent. Besides 
the struthious birds are not now regarded as belonging 
to one family; they seem really to form an assemblage 
of the remains of more than one family. The distribution 
of the struthious birds both living and extinct may 
be brought forward as evidence of the former north- 
ward extension of the antarctic continent. Recent dis* 
coveries in the Argentine have an important bearing upon 
the matter ; the evidence takes us back to the middle and 
even to the beginning of the tertiary period ; this how- 
ever is nothing to be surprised at ; the connection between 
the existing land masses and the antarctic continent, if it 
ever existed at all, must have been very ancient, as the 
stretch of ocean now dividing them is so wide. As is 
unfortunately the rule with extinct species known by 
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remaiiis which are in various degrees fragmentary, the 
actual number of the genera and species is doubtful ; but 
it seems now to be well established that there were in the 
more southern regions of the American continent at least 
three genera of gigantic flightless biids comprising seven 
or eight species. To these genera the names of Brontomis, 
Phororhacua and Opisthodactylt^ have been applied. Some 
of these birds were actually the largest known forms of 
Ratites. It appears from certain roughnesses on the 
bones of the skull that some species bore upon the head 
a casque like that of the Cassowaries; though in some 
respects, thinks Mr Lydekker, the resemblances are with 
the living and South American Psophia and CariamaK 
They approximate however to the Dinomithidse in a 
number of characters which together are of some im- 
portance ; thus there is with them as in the Dinomithidae 
a bony bridge over the extensor groove of the tibia, and 
the general proportions of the tibia and tarso-metatarsus 
are like those of the same bones in the Dinomithidse. 
But the significance of the hcta from the point of view 
of Zoogeography i» somewhat blurred if we rightly refer 
to the Ratites, or Platycoracoidese, as FUrbringer calls 
them, the European genera Oadomis and Dasomis and 
the American Diatryma, FUrbringer however queries 
the inclusion of the two last in the group, and does not 
allow Ckutomis there at all. Dasomis is only known by 
an imperfect cranium, and Diatryma by an incomplete 
tano-metatarsus, so that this evidence is not at present 

^ See a paper by Ljdekker in IbU for 1893. 
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necessarily &tal to the evidence offered by the un- 
doubtedly struthious Argentine birds. 

As with the Sea-lions^ also practically confined to the 
southern hemisphere, the explanation of the range of 
the Penguins is possibly rather one of temperature. The 
Sea-Uons are strong swimmers, and have been met with 
tax fix>m land ; indeed the *' Sea-serpent " is possibly partly 
compounded of a large sea-lion. Currents too would assist 
in the dispersal of these animals without any recourse to 
a continuous coast-line to aid in migration. M. Milne 
Edwards, whose name is particularly to be associated with 
the idea of an antarctic region, has pointed out that 
marine currents flow from the polar region in all direc- 
tions northward ; with the aid of these currents, reinfcMX^d 
by floating ice, which is known to reach land abutting 
upon the southern ocean, we can understand the peopling 
of Kerguelen and other regions with the birds and 
mammals referred to. Mr Wallace while naturally ad- 
mitting the^ resemblances between various tracts of land 
in the southern hemisphere is disposed to rely upon float- 
ing masses of ice to account for the facts. It is difficult 
to apply this solution of a puzzling problem to the case 
of the terrestrial Annelida of the antarctic area. It is a 
curious fact that Mr Forbes with the material before him 
did not use the strongest argument that could be used 
in &rVour of his views ; since those papers were written 
the evidence has moreover increased. The earthworm 
fauna of New Zealand is perhaps as well known as is that 
of any extra-European region. That our knowledge is 
approaching completion is shown by the &ct that coUec- 
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tions from that part of the world do not so freqaently as 
formerly contain new species. This &nna consists prin- 
cipaUy of species of the genus AcanthodrUtu. There are 
three genera of the same &mily peculiar to New Zealand, 
viz. Octoduetus, Plagiochceta and Deinodrilus. All these 
worms form a very well-marked &mily which is character- 
ised by the tact that the male sperm ducts open on to the 
xvinth segment of the body^ and that on to the two seg- 
ments in front of and behind this open a pair of coiled 
tubular glands accompanied by a bundle of modified 
'' penial " setae. The bulk of the species of Acanthodrilidae 
belong to the genus AcanthodrUus itself. Besides this 
genus there are three species of quite a different genus, 
Miero8Colex. This genus is referable to another frunily 
idlied however to the Acanthodrilidae. There is here only 
one pair of tubular glands which open in common with or 
or very close to the sperm ducts upon segment xviL The 
penial setae also exist. The remaining OUgochoBta terri- 
coles of New Zealand, apart from introduced LumJbricidcB, 
are a few species of PeridwBta, or rather a closely allied 
genus which I have named DiporochcBta. In the more 
aontfaem parts of the South American continent precisely 
the same &milies are met with; and not only that, but 
the same genera. Dr Hichaelsen of Hamburg has recently 
made a voyage to that part of the world, and has brought 
badL with him a very large collection of earthworms; 
these belong, with the exception of introduced Lumbricidoa 
and a single Peridueia, exclusively to the genera MicrO' 
$coleSj AcanthodrUus and Kerria (a near ally of Aoantho- 
drilm\ So fiur as we know at present not a single species 
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&om America is identical with any New Zealand form; 
but they are all closely related. This however does not 
exhaust the antarctic region. During the voyage of the 
" Challenger " and the transit^ of Venus expedition a few 
earthworms were collected at Kerguelen and at Marion 
Island. These amounted to only a single species, which 
is common to both islands, and is a member of the genus 
Acanthodriliis. The same genus also occurs in South 
Africa; but Africa so far as concerns the family Acantho- 
drilidcB chiefly abounds in the genus Benhamia, which 
differs in a few small though constant points from 
Acanthodrilus, The genus Benhamia in the opinion of 
Dr Michaelsen, is really limited to Africa. Species have 
been described from America, the West Indies, and from 
India and Malaya; but it is possible, as Dr Michaelsen 
thinks, that they have been imported by man. The 
family Acanthodrilidce indeed is almost exclusively ant- 
arctic, and in any case by far the majority of its species 
and genera are limited to the antarctic area. Microscolex 
passes into North America, has been met with in Europe 
and the Azores and Canaries, and also occurs in Australia. 
But with the exception of America all the species found 
outside the antarctic area are identical with species living 
within it* ; this suggests importation from abroad. This 
series of facts is a very remarkable one, and deserves more 
consideration than has been devoted to it in forming any 
theory about a possible former antarctic continent of greater 
dimensions than the present shrunken land mass. The 
facts seem also to point to a more recent communication 

^ Excepting M, poultoni from Teneriffe and M. algerienm from Algeria. 
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between Patagonia and New Zealand than between either 
of these countries and the Cape of Good Hope. These 
however are by no means the only facts which seem to 
point to some ready method of transit between these 
different regions for purely terrestrial or fresh-water 
animals. Many writers have with justice emphasised the 
extremely significant &ct that the fresh-water fish Qa- 
laaias atlenwxtas occurs in Tasmania, New Zealand, the 
Falkland Islands and the southern extremity of the South 
American continent. This is perhaps the only case of a 
species of fish with so wide a range in the antarctic hemi- 
sphere; but the two &milies of SalmoDoid fishes 6^- 
Icuciidce and Hoplockitonidce are restricted to the same 
countries with the addition of southern Australia. A 
species of Qalaaias has recently been described firom 
India ; but Mr Blanford states that the determination is 
doubtful Now a fi:esh-water fish, even more if possible 
than the purely terrestrial Oligochcsta, needs a continuity 
of firee land surfisM^ for its migrations^ And the fishes of 
these two families form a considerable proportion of the 
entire fish &una of the countries where they occur. It 
is well known, of course, that the ova of many fish, par- 
ticularly of Salmonoids, can be safely transferred in ice 
and will hatch out at the other end; rivers in New 
Zealand have been stocked in this very way. So that 
there is no antecedent improbability in the iceberg theory 
of the migration of these fishes. But in this case it is 

^ The possibility however mast be borne in mind that they have been 
independently evolyed from marine ancestors. This can hardly perhaps 
i^pply to Oalaxiat attenuattUy to the same species. 
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remarkable that oceanic islands which happen to be within 
the districts visited by icebergs have not also been stocked 
with fish. This criticism it will be seen cuts both ways. 
We cannot apply it to continents, if we are forbidden to 
consider it in connection with oceanic islands. It has 
already been pointed out in connection with the same 
subject of oceanic islands that they are invariably desti- 
tute of frogs or of amphibians of any kind. These crea- 
tures are quite powerless to migrate across the sea. Now 
a family of frogs, the CystigncUhidcB, are common to South 
Australia and to South America. I do not think it 
prudent to lay any particular stress upon the likeness 
in the Coleopterous fauna of the antarctic parts of the 
world; for beetles or their larvee can vdth comparative 
ease be carried about by that convenient deua ex maddna, 
the floating log; more remarkable is the negative fact 
that the land shells do not support the idea of a former 
extended antarctic continent. Precisely the same Seusilities 
are enjoyed by the terrestrial moUusca for dispersal as by 
insects. It is however difficult to extract anything of 
value out of this fact either in favour of or against the 
view that the antarctic current had formerly a greater 
extent to the northward. It is perhaps to be correlated 
with the fact that there is only a single land shell in Ker- 
guelen, which would seem to be some indication that in 
this quarter of the globe some hindrance exists to the 
migration of these animals. The matter must remain 
unexplained for the present. 

The distribution of the Isopod genus Serolis may be 
cited as further evidence in the same direction ; by some 
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it is made the type of a distinct &mily of that group, and 
it is in many respects peculiar ; the outward form recalls 
that of the extinct Trilobites — " An protypon Entomolo- 
thi ? " asks Fabricius, and attempts to reinstate the genus 
in the neighbourhood of those long defunct Arthropods 
have lately been made. Apart firom this spurious claim 
to interest, Serolis has a genuine attractiveness by reason 
of its remarkable geographical range. It may be ex- 
plained in the first place that Serolia— or the Serolidie, if 
the JGunily be approved of — differs from all other Isopods 
in the fisicts that (1) the first two segments of the thorax 
are more or less completely united with the cephalic 
shield, (2) that the last three segments of the abdomen 
are fused with the telson, (3) the wide depressed body 
with usually elongated epimera. This assemblage of 
characteristics divides the Crustaceans iu question from 
others. 

There are in all twenty-six species of the genus, of 
which perhaps some (those queried) are a little doubtful. 
They are thus distributed : 

(1) Off Pemambuco (675 fathoms), Serolis gracilis^. 

(2) Off Pemambuco (410 &thoms), Serolis ant- 

arctica. The same species also found in 1375 
and 1600 &thoms near Crozets. 

(3) Off Rio Janeiro in 600 and 2040 fathoms, Serolis 

necera. 

(4) Off antarctic continent, near New Zealand in 

410 — 1975 fathoms, Serolis hr&irdeyana, 

> For a fuU aoooont of this genas see Beddard, Report ZooL Chall. 
Exp. Vol. XI., and Pfeffer, Jahih, Hamb, wU$. Anstalt. ISSS. 
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(5) Serolis paradoxa, Patagonia, Falkland Islands, 
New Zealand (?), Senegal (?) 

(6) ? Serolis trilobitoides, South Shetlands, Patagonia. 

(7) Serolis gavdichaudi, Chili. 

(8) Serolis planus, Patagonia. 

(9) Serolis convexa, Patagonia. 

10) Serolis sckythei, Patagonia, New Zealand (?). 

11) Serolis septemcarinata, Marion and Prince Ed- 
ward Islands, Kerguelen, S. Georgia. 

12) Serolis latifrons, Kerguelen, Crozets, Auckland 
Island. 

13) Serolis comuta, Crozets, Kerguelen. 

14) ? Serolis serret, Patagonia. 

15) ? Serolis acutangvla, ? locality. 

16) Serolis pagenstecheri, S. Georgia. 

17) Serolis polita, S. Georgia. 

18) Serolis carinata, California. 

19) Serolis tvberculata, Bass' Strait. 

20) Serolis atistraliensis, Australia. 

21) Serolis ehngaJtay Australia. 

22) Serolis pallida, Australia. 

23) Serolis longicaudata, Australia. 

24) Serolis minvta, Australia. 

t will be noted that four are deep sea forms ; and we 
postpone consideration of these ; for it is well known that 
the deep sea fauna must be studied by itself. The \ 
remaining forms are absolutely confined to the antarctic 
region and to the south coast of Australia, with the 
doubtful exception of Serolis paradoxa and S. carinata. 
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They are most prevalent on the coasts of Patagonia. A 
few, but very few, species range widely through the 
antarctic region; thus S. septemcarinaUi extends firom 
S. Gieorgia to Kerguelen. The Australian species, with 
the exception of Serolis minuta, form a well-marked 
assemblage to which perhaps a different generic name 
ought to have been given; these species differ from the 
typical species of the genus in the &ct that the dorsal 
part of the sixth thoracic segment is absolute in the 
middle line; there are also other smaller particulars in 
which these Australian species diverge from the normal 
structure of the genus. 

Here we have a &mily of curiously restricted range ; 
it is exclusively antarctic, not getting so &r north as the 
equator. It may be surmised that the genus came into 
being in the antarctic region; whence conditions of 
temperature did not allow it to migrate. But a difficulty 
is presented by the wide range within this area of species 
which being addicted to shallow water would find some 
hindrances in crossing the thousands of miles of deep 
water which part Patagonia firom the Grozets. Possibly 
this difficulty is removed by the supposition that in former 
times the antarctic continent extended further north than 
it does now, thus enabling the species to wander &r 
without altering greatly the surroimdiug conditions. The 
marked differences which distinguish the AustraUan 
species fiN>m their more southern allies are so far a proof 
of the more remote period at which a migration to the 
shores of Australia was possible. A cold current, which 
sweeps up the western shores of South America, may 
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tailless and nndergioiiiid Amphibia particularly character- 
istic of Ceylon. Mr Blanford instances the Seychelles as 
the only thoroughly authenticated case of an oceanic 
island composed of granitoid rocka This however only 
takes us necessarily as &r as a possible former connection 
with Madagascar, which Mr Wallace admits, though pre- 
mising that if this and the other island groups in the 
neighbourhood were ever connected with each other and 
with Madagascar "it was probably at a very remote 
period." There now remain the characters of the &una 
of the Mascarene region for consideration. So &r as 
concerns the Mammals and Birds the evidence is not so 
strong, or rather it need hardly be considered as any indi- 
cation of a former connection with India. 

The mammals, as has been already pointed out, are 
either African or altogether peculiar, chiefly the latter. 
It is true that there are Oriental birds in Madagascar, 
bnt these are, as Mr Wallace acutely points out, " slightly 
modified forms of existing Indian genera or... species 
hardly distinguishable from those of India." This argu- 
ment, triumphantly adduced by Dr Hartlaub as evidence 
of the former " Lemuria," really points precisely the other 
way. Apart altogether from the ready means of migration 
possessed by birds — ^birds offer most unreliable evidence 
in proving a matter of this kind — we should expect on the 
hypothesis of a former land connection with India not to 
find such close resemblances; what is wanted to prove 
the theory of those who believe in " Lemuria," and use 
birds to support their theory, is to discover Mascarene 
birds which though presenting certain likenesses to those 

B.Z. 12 
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of India should be widely different as to species and 
genera, showing a great divergence which would have 
naturally occurred in the time during which India and 
Madagascar have been, on any hypothesis, divided. 

If however we turn to other groups of the animal 
kingdom, the rejection of the hypothesis of a former 
connection between India and Madagascar does not appear 
to be so reasonable. For example, the Amphibia are not 
to be passed over ; there are according to Mr Blanford, 16 
species of the genus of frogs Rhacophorus, all the other 
species being Oriental. The genus Calophrynus has three 
species, of which two are Oriental and one Mascarene. 
The family DiscophidsB comprises seven genera and thir- 
teen species in Madagascar; the only other member of 
the family is Burmese. Among fresh-water fishes Mr 
Blanford calls attention to a remarkable instance of an 
intermediate form being a native of Madagascar. It is a 
peculiar genus, named Paretroplopus, belonging to the 
family Chromididse and intermediate between the African 
genus Hemichromis and the Oriental genus Etrophis. 
This family of fishes is especially characteristic of Africa, 
and is also found in South America. It is rarer in the 
Oriental region. The facts that Mr Blanford has laid 
stress upon seem to indicate, as he remarks, that there 
have been in this family of fishes two lines of migration 
from Africa to India. One by way of the Nile into 
Palestine, where the family occurs; the other through 
Madagascar, leaving behind evidence of its passage in the 
shape of the genus referred to which has so to speak not 
quite attained to the Asiatic character. The importance 
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of the evidence offered by spiders is emphasized by M. 
Simon's removal of Madagascar from the Ethiopian and 
its transference to the Oriental region \ 

The land and fresh water Mollnsca are a doubtful 
group with which to have many dealings of the present 
kind ; they are not so reliable as many, owing to the &ct 
of their possessing a shell which has made them the 
objects of collectors who often do no more than refer to the 
"animal" as if it was a casual and unimportant inhabitant 
of the shell But their evidence, so £gu* as it can be read, 
is not without bearings upon the problem that we are 
now engaged in. A laige proportion of the land MoUusca 
are peculiar; and there is, as in the West Indies, a great 
development of the Cyclostomatidae. In this latter £unily 
a genus Cydotopsis is limited to the Mascarene islands 
and to the Indian peninsula. In the Seychelles we have 
Cyathapoma and Leptopoma, which are also Oriental 
genera, and Hdicina, which is almost world-wide but not 
African. The two families to which these belong, Cyclo- 
phorid^e and Helicinid^e, "must apparently," says Mr 
Blanford, '' have reached the Seychelles from the eastward, 
for not one of them is found in Africa." 

Mr Blanford deals with the obvious suggestion that 
the presence of these animals may be recent and due to 
floating trees or the like. The currents however indicate 
that the transference of such small creatures would be 
from the Seychelles to India and not in the reverse 
direction. Another possible method of colonisation by 
the help of winds is not to be considered ; for it appears 

^ Troiieasaii, La G€ographie Zoologique, p. 210. 
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that great wind storms, prevalent in this part of the world, 
do not cross the equator, which they would certainly have 
to do in order to convey animals or their eggs from India 
to the Seychelles. The earthworms of Madagascar are 
unfortunately not at all well known. But what we do 
know supports the facts brought together and emphasized 
by Mr Blanford. There is in the island at least one 
peculiar genus. This has been termed by Dr Michaelsen 
KynotiLSy and it contains three or four species. The only 
other earthworms known from Madagascar are Perrier's 
Acanthodrilns verticUlatus and Perichceta madagasca- 
riensis and P. indica. The former worm is only very doubt- 
fully an Acanthodriltis ; I bring forward reasons in my 
forthcoming Monograph of the OligochsBta for referring it 
to the already mentioned genus Kynotus, with one of the 
already described species of which it may be identical. 
PerichcBta madagdscariensis is closely allied to, if not 
identical with Megascolex armatus, a common Indian form. 
Perichceta indica is not far from being a cosmopolite. 
Now the genus Kynotvs belongs to the family Geosco- 
licidse, which is distributed through tropical South 
America and the West Indies, tropical Africa, and certain 
parts of Malaya ; it just gets into Europe. But the old 
world forms can be separated from those of the new world 
to so marked an extent that it is permissible to divide the 
family into two subfamilies. The spermathecae in the old 
world forms if present at all, and they are occasionally 
absent altogether, are very numerous and minute, while 
those of the American genera are the usual paired 
structures which are so characteristic of the OligochsBta. 
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The balk of the old world genera of Greosoolicidse are 
Oriental; and it may be fairly said that Kynotus is at 
least as nearly allied to them as it is to the African genera. 
Another possibly important piece of evidence to be 
derived from this group of animals is the existence in the 
Seychelles of a species, which I have dissected and cannot 
distinguish from the Oriental Megascolex armaius, already 
referred to. But this worm, if truly indigenous, indicates 
obviously a migration from India. In the Mauritius and 
in Bodnguez are species of the characteristically Oriental 
genus PerichoBta, which are not unfortunately thoroughly 
well known anatomically, but in one instance, PeriduBta 
robu8ta from Mauritius, are probably distinct species. I 
have described Perichceta mauritiana fix>m the same 
island, which is certainly not identical with any known 
and adequately described species. There are thus some 
&cts to be drawn firom this group of animals not 
unfavourable to " Lemuria." 

But the most striking evidence perhaps is geological 
and palseontologicaL This evidence I again abstract firom 
Mr Blanford's address to the Geological Society* It 
comprises evidence derived firom several distinct periods of 
the Pakeozoic and Mesozoic epochs, and is therefore not 
by any means so " fiagmentary " as has been alleged. It 
is pointed out that in carboniferous times there was a 
great resemblance between the plant &unas of Australia, 
India and South Africa. With this correspondence was a 
great difference firom the flora of Europe. Supposing this 
flora to have been transported across the sea, there would 
of course be no use in invoking the presence of what Pro£ 
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Suess terms ''Gondwana land" instead of Lemuria. Bat 
if 80, why are there no European plants in the same strata 
in India, &c. ? For such plants do occur in the carboni- 
ferous strata of certain parts of Africa and Brazil. Nor 
do we find this kind of evidence only in carboniferous 
times. In the formation known as Cenomanian we have 
similar evidence, though in this case derived from marine 
organisms and thus serving to check the data derived 
from plants. At Nerbudda, in Western India, eight species 
of fossil Echinoderms have been found, of which six are 
also known from European rocks. But in South India 
26 species have been found, of which only four, and two 
of these are doubtful, occur in European strata. The 
inference obviously is that the Nerbudda fossils are the 
remains of animals which lived in a sea continuous with 
the sea of the same period in Europe, and that the 
Trichinopoly beds are the bottom of a sea which was 
separated from the northern sea by a land barrier. The 
Trichinopoly fauna recurs in Natal. 

Further evidence of the same kind, comes to hand from 
a study of the Jurassic fauna of the world. Lastly, the 
fossil Belemnites of Madagascar are not identical with 
those of the beds of a corresponding age in Uitenhage, a 
fact which may at first sight appear to be hardly worth 
bringing forward in support of the present hypothesis. But 
the interesting fact about these fossils is that they belong 
to forms which are typical dweller^ in warm seas, whUe the 
single Uitenhage.Belemnite is as distinctively a cold-water 
form, thus tending to prove the existence of a belt of land 
shutting off a cold south sea from a warmer equatorial sea. 



CHAPTER IV. 



THE FAUNA OF ISLANDS. 



The principles dealt with in the preceding Chapter 
are also admirably illustrated by the fauna of islands, of 
-which some account will now be given. 

The Fauna of the British Isles. 

The islands of Great Britain and Ireland are situated 
upon a bank which comes so near the surface that the sea 
is nowhere more than comparatively a few fathoms deep. 
From the neighbouring coast of France England is se- 
parated by barely thirty miles. There can be no doubt 
in fact that the separation is, geologically speaking, very 
recent, probably within the period of human occupation. 
We should expect therefore to find the very closest 
similarity in the fauna of England of the adjacent parts 
of the Continent ; this is precisely what we do find, the 
difierences being chiefly in the poverty of the British 
&una as compared with that of the Continent. 

As Mr Wallace has pointed out, this poverty is 
probably to be accounted for by the recent glaciation of 
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these islands, which destroyed a large proportion of the 
inhabitants, unable to escape to more southern and wanner 
latitudes or, if they did, cut oflF from returning by the 
severance of the land. Poor though the fauna is, there 
are still a few species which are really peculiar to these 
islands, and are not found, or at least have not as yet 
been found, anywhere upon the Continent. As however 
many of these supposed peculiar species are obscure and 
small insects, it is quite within the bounds of possibility 
that they remain to be discovered later upon the Continent, 
Among the Vertebrata the peculiar species are mainly 
fishes; there are however three species of birds, or at 
least forms that are reputed to be species, found nowhere 
outside of the British isles ; the only one of these however 
which is without any question at all a distinct form is the 
grouse Lagopus scoticiis. The Cole-tit Parus brita/nnictis 
is held by some naturalists to be distinct from the Parus 
ater of the Continent; and in the same way the 
British form of the Long-tailed tit, called Parus rosea, is 
distinguished from its ally in Europe. The St Eilda 
wren is possibly also to be added to the list of peculiar 
species. 

Mr Wallace enumerates no less than 15 different kinds 
of fresh-water fishes which he states, on the authority of 
Dr Gtinther, to be well-marked species. They are entirely 
Salmonoids and nearly all of them are lake fish; they 
include the familiar Gillaroo trout, the Loch Leven trout, 
the Gw)aiiad, the Vendace and the PoUan. Considering' 
that in many cases these fishes are extremely restricted 
in their range within the islands, it is not surprising that 
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they do not range beyond^ The Welsh Charr for instance, 
Salmo perisit, is limited to the Llanberns lakes. Out of 
these fifteen fish no less than six are confined to Ireland. 
The specialisation of these fish is comparable to that of 
the Cassowaries and the Ibexes dealt with on another 
page ; they live in isolated areas whose living inhabitants 
can never intermingle except by the rarest circumstances, 
such as a whirlwind taking up the young fry and depositing 
them still alive in an adjacent lake ; at any rate the very 
fibct that they are of different species shows that inter- 
communication is not frequent. 

The list of peculiar insects is a much longer one ; but 
some entomologists hold that it is a list which is only at 
present imposing upon paper; that in fiact the insects 
really await discovery upon the Continent. Mr Wallace 
however is of opinion that the list of peculiar British 
insects is in the main to be depended upon ; he points out 
that all islands show an equal if not larger proportion of 
peculiar insects than of any other class of animals. 
Besides, the climate of this country is different from 
that of any part of the Continent, a further reason for 
the validity of the argument that there are really peculiar 
species restricted to these islands. Of butterflies there 
are only two species which are exclusively British; and 
both of these are very limited in their range within these 
islands; indeed one has become in the last few years 
absolutely extinct. This is the " Large Copper,'* Polyom- 
nuUus dispar. Its extinction has been no doubt caused 
by the draining of the fens where it was formerly abundant. 
The other butterfly is a variety of one of the common 
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" Blues " known to entomologists as Lycoma agestis ; the 
variety being termed L. artdxerxes; it occurs upon 
Arthur 8 Seat and upon some of the other Scottish hills. 

No less than 87 moths are given in Mr Wallace's 
list as peculiar to Great Britain. Of these of course the 
larger portion are " Microlepidoptera," and frequently 
minute forms, which might be easily overlooked were they 
really to occur also on the Continent. Though there are 
these 87 moths they do not all of them rank as species. 
However 61 are considered to merit specific distinction. 
This number is, according to the late Mr Stainton, to be 
further reduced to 50 undoubtedly distinct species since 
some of the reputed species are mther local forms than 
definable species. Of the beetles Mr Wallace's list shows 
72 species and varieties confined to the British islands ; 
the list of insects concludes with the mention of three 
Trichoptera, all apparently good species, which are not 
found out of the British isles. 

The land and fi:esh water MoUusca present us with a 
few peculiar forms; a black slug spotted with yellow, 
Geomaldcus maculosiLS, was discovered on the shores of 
lake Carogh in Kerry in the year 1842, and has not been 
met with elsewhere since that year. A small pond snail, 
Lymncea involuta, is confined to a small Alpine lake near 
Killamey; finally there are two small shells which are 
ranked as species, one a bivalve, the other an univalve, 
besides 79 varieties. 

The Rev H. Friend reports* the presence of a specieg 
of Lumhricus (L. papiUosus) in Ireland, which has not yet 

1 Irish Naturalist, Feb. 1894. 
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been found elsewhere, and Mr Benham's^ peculiar new 
genus SparganophUus, found in the Thames, is so fiu* as 
we know limited to that river. There are one or two 
other examples of Oligochaeta which have not been met 
with outside of the British islands. 

There are thus a &ir number of animals which are 
confined to the British islands ; but there are no marked 
g^ieric (except the worm SparganophUus) or family types ; 
nor is the proportion of peculiar forms large as compared 
with that of the animals which are also found upon the 
continent of Europe. But this is perfectly in harmony 
with the geological history of these islands, which teaches 
us that the severance firom the continent of Europe is, 
geologically speaking, an event of yesterday. 

The Fauna of Madagascar. 

Madagascar is a laige island about twice the length of 
England, and as broad nearly all through as the widest 
part of England. It is situated about 250 miles firom 
Afiica. It'is largely forest covered ; but there are also in 
the central- granite plateau moors. The fstuna is both 
rich and peculiar. Among the Mammals the most 
characteristic forms are the Lemurs. Of this group of 
mammals there are no less than nine genera, viz. Indria, 
PropUhecus, Anahis, Hapalemur, Lepilemur, Lemur, 
Cheirogaleus, Microcebus, and Chiromys, absolutely con- 
fined to the island. These genera contain all belonging 
to the subfiunilies Chiromyidae, Lemurinfle, and Propi- 

^ Quart. Joum. Micr. SH. Vol. xzziv. 
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thecinse; the remaming Lemurs consist also of three 
subfamilies, which however include but few genera and 
species, and are distributed in Africa and in the Oriental 
region. Doubtless, as Mr Lydekker has pointed out in 
the "Royal Natural History," the excessive allowance of 
Lemurs is partly to be attributed to the entire absence of 
large and powerful carnivorous animals. Camivora are 
not at all abundant. But they include two highly 
peculiar forms. Firstly. Cryptoprocta. a Viverrine beUeved 
by some to have relations with the extinct Creodonta but 
which is at any rate to be referred to a separate subSskmily 
of the Ailuroidea, and Evpleres, which is also an isolated 
form and has some affinities to the Insectivora. This 
latter group includes five genera of a peculiar &mily, the 
Centetidse, found nowhere else in the world except in 
certain islands of the West Lidies^; the Rodents, an 
universally distributed family of mammals, all belong to 
the Myomorpha (the rat tribe) ; but they are all peculiar 
genera of that group, viz. Nesomys, HcUlomys, Hypogeomys 
and Brachytarsomys. The ungulates are exceedingly 
poorly represented; there is only a Potamochoerus (P. 
edwardsi), and quite recently a Hippopotamus has been 
dug up from marshes where its bones were commingled 
with those of other living and recently extinct forms. Mr 
Blanford' reckons that out of the twenty-four genera of 
mammals of Madagascar only two, Potamochcerus and the 
shrew Croddura, exist in Africa. 

1 Mr Dobson however {Ann, and Mag, Nat, Hist. Sept. 1884) denies 
that the W. Indian Solenodon is a member of this family. 
' Presidential address to Geol. Soo. 1890. 
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The birds are not so strikingly peculiar as are the 
TnaTnTn5il« ; still there are not a few genera and species which 
are restricted to Madagascar. Among these is the re- 
markable MesiteSy which is believed to be allied to the 
Sunbittem of tropical America and to the Kagu of New 
Caledonia^ and is possibly to be regarded as a relic of a 
primitive group of rail-like birds once dominant in all 
parts of the world. Leptosoma is also a peculiar bird, 
whose affinities are far firom clear. The late Mr W. 
A. Forbes^ thought from his investigations into its 
structure that it might be regarded as the type of a 
distinct family near to the Rollers (Coraciidse). The 
Cuckoo genus Coua is also peculiar to the island, as are 
also the Vasa parrot, Coracopsis, and a few more typea On 
the whole the avian fauna is not so remarkable as the 
mammalian; but in both cases the &una of Madagascar 
stands out as noteworthy by the absence of animals which 
might be expected to occur just as much as by reason of 
the peculiar types which do occur. There is an entire 
absence of the characteristic African Elephants, Rhino- 
ceroses, Anthropoid Apes, Lions, Hyaenas, &c. and among 
birds, of Hombills, Plantaineaters, and Colies. 

The reptiles are almost as peculiar as the mammals. 
The chief feature of the island is the presence of the 
American genera Philodryas and Heterodon among snakes, 
a £Bct which is remarkably paralleled by the Centetidaa 
among the Insectivora. There is an exactly analogous 
case among lizards ; for two genera, Hoplurtis, Chalarodon, 

1 P. z. s. 1880. 
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are Igttanoids — a family otherwise restricted to America. 
The Chamseleons are very abundant in Madagascar, more 
so than in any other part of the world, though they are by 
no means limited to the island. As with mammals and 
birds the reptiles which are remarkable for their absence 
are as numerous as those which are noteworthy for their 
presence. The most striking example is perhaps the 
large group of Monitor Lizards, which abound not only in 
Africa but in many parts of the old world, to which 
division of the globe they are confined. Some Airther 
facts about the zoology of Madagascar will be found on 
page 176 et seq,, apropos of its relations to India. 

The Fauna of Fernando Noronha. 

The isla nd of Fernando Noronha Ues.-at_A_jdistance of 
194 miles N.-E. from Cape San Boqpe on the c oast of 
Brazil. It consists now of an archipelago of small islands; 
but the original discoverer, Amengo Vespucci, speaks of 
it as one island; it seems probable therefore that the 
splitting up into an archipelago has occurred within the 
last 400 years. The recent formation of an archipelago is 
also rendered probable by the *fiw5t that the individual 
islets have not their peculiar inhabitants, but that — in the 
words of Mr Ridley \ whose report upon its zoology has 
furnished me with the material for the present section — 
''almost all the species noted occur on all the islands 
suitable for their existence." This is entirely different to 
the older oceanic archipelagos, such as the Sandwich 

1 Trans, Linn, Soc. 1886. 
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Islands (see below). The fauna is poor. No indigenous 
Tnammal is to be found, with the possible exception of a 
mysterious rat belonging to a tribe which Yespucci 
describes as ''Mures quam maximi." This description 
seems inapplicable to the black rat, which is now found in 
company with the common mouse. The cat also is said 
to have become feral, but there is not the slightest 
ground for believing in a truly indigenous cat. There 
appear to be only three land birds, of which two are 
peculiar ; the peculiar species are Vireo grcuUirostris and 
Elainea ridleyana, both very nearly related to American 
forms. The third bird is a dove, Zenaida maculata, 
** merely a small race of the ordinary Z. mcundata of the 
South American continent." It is not, however, pecu- 
liar even as a small race, to the islands; for precisely 
the same variation occurs in Brazil. 

Only three reptiles exist in Fernando Noronha. 
These are an AmphiAcena {A. ricUeyi) peculiar, a skink 
{Mabuia punctata) firom Demerara, and a common Gecko. 
The peculiar species has its nearest ally in the West 
Indies, not on the mainland of South America. 

The firesh-water MoUusca consist of a species of 
Planorbis peculiar to the islands. The land MoUusca are 
seven in number ; of these four are peculiar, but only as 
species, not as genera. A peculiar Centipede is described 
by Mr Pocock under the name of OeophUus ridleyi, whose 
nearest ally occurs at San Francisco. There is also a 
peculiar Millipede, Spircholus noronhensis. Two species 
already known were also met with. Among the Insects 
are two peculiar genera, and a considerable number of 



192 AFFINITIBS OF FAUNA. [CH. IV 

peculiar species. In all 75 species of Insecta were 
identified, and out of these 27 were peculiar species, 
including the two genera above referred to. The fresh 
waters of the islands contained, besides the Planorbis 
mentioned, an Ostracod and a Oammarus, both believed 
to be peculiar. There was a total lack of fresh-water 
fish and of fresh-water as well as terrestrial Amphibia. 

One earthworm is known from Fernando Noronha, 
identified by Mr Benham with the widely ranging but 
especially Neotropical Pontoscolex corethrurus. . 

The most salient features therefore in the fauna of 
these islands are the total want of mammals of an 
indigenous character, of fresh-water fish, and of Am- 
phibians, the rarity of reptiles, and finally the lai^e 
number, speaking relatively to the total of course, of 
indigenous forms peculiar to the island. Of these how- 
ever but few are of new generic types ; but this statement 
as in the case of the &una of Kerguelen, to be dealt 
with presently, must be tempered by reflection as to the 
different ideas which different naturalists have of the 
value of a genus. As to the affinities of the fauna it is 
noteworthy that the West Indies enters largely into the 
matter; there is not, as might be assumed at first, an 
absolute likeness with the nearest coasts of South America. 
But the winged fauna, Mr Ridley points out, whether 
they are endemic or have a wider distribution, have a 
South American facies which is quite unmistakable. 
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The Fauna of Kerguelen. 

The island of Kerguelen is situated in the southern 
ocean in lat. 50, ahout half way between Australia and 
the Gape of Good Hope. It is a large island of irregularly 
indented form measuring in greatest diameter some 80 
milea The island is moreover situated on a plateau 
which extends for a distance of more than 150 miles. 

The island is entirely built up of volcanic rocks ; it is 
chiefly formed of basalt ; but trachyte and phonolite. enter 
also into its composition. 

Our information as to the feuna of Kerguelen is 
apparently &irly complete. It was investigated by an 
Knglish expedition some years ago^ the results of whose 
discoveries were published by the Boyal Society in 1875. 
Later the " Challenger *' stayed for some time at various 
parts of the coast, and the German ship " Gazelle " during 
its voyage in the years 1874 — 76 touched at the island 
aad collected a quantity of material 

In spite of the large size of the island, there is no 
indigenous mammal; the only mammal indeed which 
occurs there, apart of course from marine forms, is the 
ubiquitous Mta fniuumhuf. As the island is visited by 
whale fishermen it is easy to understand how the common 
mouse may have been introduced in ships. The only 
land bird is the duck, QuerquedtUa eatoni, a species 
peculiar to this island and to the not very remote Crozets ; 
the bird lives in marshes. Of the marine birds Sterna 
virgcUa is also peculiar to Kerguelen and to the CrozetSL 

B.Z. 13 
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Only a single species of land shell has been so far 
discovered ; this is Patula hookeri, a species closely allied 
to Helix diancB of S. Helena, to H. quadrata of Juan 
Fernandez and to H. tessellata. 

Among insects there are on the other hand several 
peculiar forms. The beetles are in every case without the 
second pair of wings ; they comprise Ectemnorhimis viridis 
and a few other species of that genus, Phytosvs atricepa 
and Cannonopsis. A moth with rudimentary wings has 
been recorded, as well as the peculiar genus (peculiar to 
the island) Embryonopsis halticella. The Diptera do not 
show the same rudimentary character of the wings that is 
met with among the Coleoptera; there are however six 
peculiar genera with a species apiece and an introduced 
form. 

The spiders of the island are represented by two 
peculiar genera, Myro and Pcecilophycis, of which the 
latter is so aberrant that the Rev. O. Pickard-Cambridge 
has felt it necessary to form an entirely new family for its 
reception. Among the fresh-water invertebrates, which 
are not veiy numerous, there are no peculiar genera ; but 
all the species are, so far as we know at present, peculiar ; 
these comprise species of the two Crustacean groups 
Cladocera and Copepoda, and an Enchytraeid (unidenti- 
fied). One terrestrial Annelid has been found and 
described by Lankester as an Acanthodrilus ^ {A, kergue- 
lenensis); this is a species peculiar to the island, unless 
the Acanthodrilus of the Crozets be the same; but the 

1 Phil Tram. Vol. 168, Extra Volume. 
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genus is widely spread in the antarctic region of the 
globe \ 

There are five striking points about the fstuna of 
Eerguelen which may be emphasised In the first place 
of course, the poverty of the fstuna. Secondly, the immense 
number (relatively speaking) of peculiar genera ; thirdly, 
the fact that there is only one terrestrial species (exclud- 
ing birds) which is not peculiar to the island; and fourthly, 
that the fresh-water species are not so peculiar as the 
purely terrestrial The &ct that the Coleoptera are 
without the second pair of wings — ^the pair which are 
used for flying in the normal Coleoptera — and that there 
is a moth with rudimentary wings, completes the more 
remarkable facts which characterise the indigenous in- 
habitants of Kerguelen. 

The Fauna of the Galapagos. 

The Galapagos are a group of sixteen islands, five 
larger and eleven small islands — situated to the west of 
the South American continent, about 600 miles from the 
coast of Ecuador. They have been explored more than 
once with a view to their fstuna. The most recent account 
of them is from the pen of Dr Baur^ who made a careful 
study of the entire fieiuna. 

As is the case with Eerguelen, the rocks of which the 
Galapagos are built up are entirely volcanic ; they consist 
of basaltic rocks, masses of scoriae, and lavas ; but there 

1 See p. 60. > American NatwraUU, 1892. 
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are also, on Charles Island, remains of older volcanic 
formations, which recur in one or two of the smaller 
islands. All the islands of the archipelago are placed 
within the 1000 fathom line. They were first discovered 
in the sixteenth century. 

Mammalian life is not entirely wanting, but it is 
scarce, in these islands. At present we are only acquaint- 
ed with two species; one of these is a mouse belonging 
to the American genus Hesperomys, which may or may 
not be indigenous. The other mammal is a bat ; but our 
knowledge is here not accurate ; for the bat has been only 
seen and not collected. 

There are on the other hand a good many reptiles. 
The most famous are of course the huge tortoises, which 
have given their name to the archipelago; there is no 
doubt that these bulky creatures, which sometimes reach 
a weight of 700 pounds, are truly indigenous; for they 
were seen by the Spaniards who discovered the islands. 
The peculiar thing about these tortoises is that different 
islands are characterised by different species. There are 
in all six species of these Chelonians, but the exact 
locality of one or two is not known. 

Tortoises however are not the only reptiles which live 
in or round these islands. Four genera of Lizards exist 
there ; these are Tropidurus, Conolophits, Amhlyrhynchus, 
and the Gecko Phyllodactylus. 

Of the genus Tropidurus there are altogether eight 
species on the islands, each island as in the case of the 
tortoises having its own peculiar form. Amblyrhynchus is 
a marine genus feeding on seaweeds ; it is like the last a 
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member of the Iguanidse, a fiunily of lizards just not 
absolutely confined to the New World Dr Baur thinks 
that when the species of Arnblyrhynchus come to be 
examined critically, differences will be found like those 
between the tortoises of the different islands. There are 
three geckos on the islands, all belonging to the genus 
PhyUodactylus, already mentioned These are P. gatapar- 
goengis, P. leei^ and P. tuberculosus ; the last lizard is the 
only species found on the islands which is not peculiar to 
them. In addition to these lizards there are two snakes ; 
they are both very closely allied to South American 
forms. 

The land birds, according to Mr Salvin's paper upon 
the 8ubject\ are in all 31 species. Of these only one, 
the Bice bird, is not peculiar to the islands. As Mr 
Wallace has pointed out there is every possible transition 
between this case and birds which are so different from 
any found upon the adjacent mainland that they' are not 
merely of different genera, but of very dubious affinities. 
The birds belong altogether to fourteen genera, of which 
four are peculiar to the Galapagos ; these peculiar genera 
are Certhidea, one of the Sugar birds (CoerebidaB), Oeaitpiza^^ 
Cactomis and Camarhyndms, all of them Fringillidse. 
The birds that are merely of different species are all allied 
to South American or West Indian forms, or of course to 
forms which like Strix flammea (the common Bam Owl) 
are of universal range. 

As with the reptiles certain of the peculiar birds are 
coDfined to a single island; the same genus has one 

^ Traiw. ZooL Soe. 1875. 
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species in one island and one in another. Thus Minvus 
parvulus is only met with in Albemarle Island and Mimus 
trifasciatuLS only in Charles Island. 

The insects of these islands are not very numerous. 
Mr Wallace following Mr Waterhouse allows about 
35 species of Beetles, belonging to 29 genera The 
species are as a rule peculiar and so are the genera in 
some cases. But as they are '' mostly small and obscure 
insects," it is diflScult to be positive upon either of these 
points. 

The Orthoptera of the, Galapagos are equally interest- 
ing. Considering that nine different expeditions have been 
made to these islands, from which insects of this group 
have been brought back to Europe or America, and 
reported upon, it may be fairly assumed that our know- 
ledge of the fauna is not too incomplete to permit of 
conclusions. There are in all 20 species, of which Dr 
Scudder, the latest writer on the subject*, leaves with 
justice five out of consideration, as they are world-wide 
forms and probably not endemic. The remaining 15 
include five distinct generic types ; but the whole assem- 
blage presents, according to Dr Scudder, a South and 
Central American facies. Another matter worthy of 
mention is the very great prevalence of apterous or 
sub-apterous species. The 20 species are in many cases 
confined to one of the islands of the Galapagian archi- 
pelago. This is so with no less than eleven of them. A 
few are found in two or three of the islands ; one species 
— Schistocerca melanocerca — is unique for its wide dis- 

1 jBuU, M.U8. Comp, Zool. Harvard, 1894. 
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tribution in the archipelago; it occurs in no less than 
eight islands. The specimens were submitted to a rigid 
scrutiny to discover whether they could be referred to 
distinct races, but the most that can be said apparently is 
that " there is a distinct tendency toward the formation of 
races." On the other hand another species of the same 
genus — S. literosa — which occurs in three islands, can be 
separated into as many races. 

The Fauna of New Zealand. 

The fauna of New Zealand has been so abundantly 
investigated through the labours of Capt. Button and 
others, that it is one of the best known quarters of the 
globe. 

It will be well to preface our account of this fauna by 
a brief sketch of the physical features of the island and 
the surrounding ocean. The name New Zealand is 
applied to two principal islands which are together 
" about as large as the kingdom of Italy." Their climate 
is mild and equable, while the vegetation is luxuriant and 
there are no deserts such as occur in Australia. The two 
islands lie upon an extensive plateau, where the water is 
not more than 1000 fathoms deep ; a prolongation of this 
submarine plateau runs out and joins New Caledonia to 
the north, whence it is continued on to the Australian 
continent ; another spur runs out so as to embrace Lord 
Howe Island; elsewhere a depth of over 2000 fathoms 
divides New Zealand from Australia. Its distance from 
Australia is about 1200 miles. The geological structure 
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of the islands shows deposits of ancient sedimentary rocks, 
besides Jurassic, cretaceous, and tertiary strata ; it is thus 
evidently a continental island, though it exhibits much 
volcanic material of ancient as well as of more modem 
date. 

The fauna of New Zealand is highly remarkable; 
though the island is of the continental type there are 
hardly any mammals, no large mammals at all ; only two 
bats and a rat-^the latter being almost certainly an im- 
portation — are known to exist in New Zealand. Rumours 
of a larger and, conjecturally, a carnivorous manmial have 
been from time to time floated ; but the domestic cat may 
be responsible for the footprints, assigned to a new and 
isolated type of New Zealand mammal The bats however 
are not of universally distributed species ; one of them is 
an Australian form, Scotophilus tvberculatus ; the other is 
a peculiar genus, Mystdcina tvberculata. The birds are 
very characteristic ; the most salient type is of course the 
but recently extinct Dinomis and its allies; there were 
until well within the historic period a large number of 
species of DinornithidsB. The existence or at any rate 
the abundance of these offcen huge birds is ascribed to the 
absence of mammals — of carnivorous mammals that is to 
say. The curious genus Apteryx is found in New Zealand 
and nowhere else; of this genus there are about four 
species, It is regarded by FUrbringer as allied to the 
Bails, but to be a low stock of the Balline birds, a little 
more modified however than the Cassowaries, Emus and 
the rest of the so-called Struthious birds ; the Apt&ryges 
are placed by the same author in close proximity to the 
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Dinomithidfe. It is not only these archaic forms of birds 
which are peculiar to New Zealand Nor are they the 
only flightless birds that inhabit this country. The 
parrot, Stringops, an undoubtedly ancient form of parrot, 
is a very characteristic inhabitant; so too are the rails, 
Ocydromus and Notomia; all these birds> though with 
wings better developed than those of the Apteryx, or 
Dinomis, are practically without the power of flight. 
The "Parson-bird," Prosiheniadera, is another peculiar 
fi[>rm. Mr W. A. Forbes has described^ as peculiar 
Mesomyodian genera of Passerine birds, the genera X em- 
eus and Acantkisitta. He regards them as worthy of 
inclusion in a separate &mily, to which the name Xeni- 
cidcB is applied; the only other family of Mesomyodian 
Passeres that enters the Australian region is that of the 
Fittidae. The Xenicidse are also allied to the Tyrannidse 
and to the CotingidsB of the New World. Another re- 
markable Passerine of New Zealand is Hetertdocha, which, 
like the equally restricted CcMcbos and Creadion, is 
referable to the family Stumidse. Among reptiles the 
isolated Hatteria is the most remarkable ; the Amphibia 
are represented by a single firog, Liopelma hochstetteri 
alfied to European forms belonging in fact to the Palsd- 
arctic &mily Discoglossidse. It is curious that there are 
no scorpions in New Zealand ', since that &mily exists in 
Australia The earthworms of this part of the world are 
mainly Acanthodrilidse, including three genera confined to 

1 P. z. 5. 18S2. 

> Poooek. On the Qtographicgl Dittribution of Scorpunu, Natnrftl 
SQioDoe, 1894. 
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New Zealand. The characteristic Australian types are 
either absent or but feebly represented. The South 
American genus Microscolex is represented by six distinct 
species. 

In Mr Lydekker's recently issued " Catalogue of the 
Fossil Birds " in the British Museum is an exhaustive list 
of the extinct flightless or wingless birds of New Zealandi^ 
which were wonderfully numerous; they may be feirly 
considered as part of the existing &una of the island, 
since they have been in existence there up to the historic 
period, or disappeared from the island at a period only- 
just antecedent to it. A new genus, Psendapteryx, with 
but a single species, represents a bird hardly diflferent 
from Apteryx and of about the size of the comparatively 
small Apteryx oweni. Of Dinomis itself no less than four 
species are allowed, many of those formerly referred ba 
the genus being now better placed in closely related but 
different genera. These are Megalapteryx, Anomalopteryoc, 
Emeus, Pachyomis, with at any rate 17 species between. 
them. Another very remarkable and characteristic inhabi- 
tant of New Zealand is the large goose, Cnemiomis, which 
is regarded as a near relative of the Australian Cereopsis ; 
it was a bird with apparently no powers of flight, for the 
keel of the sternum, as in the Struthious birds, is aborted. 
The bird was considerably larger than the existing 
Cereopsis, There is one certainly known species of the 
genus, Cnemiomis caldtram, and one doubtful one, to 
which Mr Lydekker does not give a name. A large rail, 
AptorniSy is another inhabitant of New Zealand whose 
remains, belonging to two species, are found associated 
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with those of the Dinomis, Though these great birds 
must have led a comparatively unharassed life in New 
Zealand before the advent of the Maories, who are 
probably chiefly responsible for their disappearance, there 
were in the islands at the same time great birds of prey, 
which might have proved able to destroy the largest 
of Dinomithidae. These were birds now referred to the 
genus Harpagomis, half again as large as the Golden 
Eagle. They are believed to be most nearly allied to the 
genus Aquila, but by some are placed rather in the 
neighbourhood of the Eates or Falcons. As all the last 
mentioned birds come very near to each other, the 
affinities of the Harpagomis may be considered to be well 
known. 

Fauna of the Sandwich Islands. 

Our information about this group of islands is growing 
rapidly. The second edition of Mr Wallace's Island 
Life contains a great deal more information than the 
first edition ; and since that book was published a 
Conunittee appointed to take steps for the exploration 
of the islands have reported briefly to the British Asso- 
ciation \ The islands in question are a group of largish 
islands, 2,350 miles from the coast of America and purely 
volcanic in structure. They have of course no indigenous 
mammals ; there is a reptile or two ; but the birds are the 
most remarkable and interesting. Dr Sharp states that 
out of 78 birds found in the islands 57 are peculiar. 
Seven or eight of the twelve or fourteen peculiar genera 

1 Rep. Brit. Attoe,^ 1893, p. 783. 
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belong to a &mily DrepanididsB, which is absolutely 
confined to these islands and which may have, thinks 
Mr Wstllace, affinities on the one hand to the Oriental 
DicceidsB and on the other to the characteristic American 
&mily of Vireonidas, or Greenlet. The Passerine birds of 
the islands are the most interesting, for two reasons; firstly 
they comprise nearly all the peculiar genera of the islands, 
and secondly they show a remarkable specialisation among 
the islands. The genus Loxops, for example, of the Dre- 
panididse has a different species in each of the islands 
Hawai, Molokai and Maiii\ This specialisation into pecu- 
liar genera, and species with so restricted a range, is of 
course correlated with the immense distance to be traversed 
and the feeble flight of these birds when compared with 
that of say the ducks and geese. There are however pecu- 
liar genera among the non-Passerine birds, as the little 
flightless Rail Pennula ecaudata. Among other peculiar 
birds are the Sandwich Island goose, Bemicla sandvicenstSy 
and a peculiar Buzzard, Buteo solitariiis. Of land and 
fresh-water Mollusca Dr Sharp states that there are 475 
species, all of them peculiar. Out of 1000 insects 700 are 
peculiar ; but Dr Sharp thinks that the numbers are very 
much less than the total will ultimately prove. 

General Observations upon the Fauna of Islands. 

We have now dealt at some length with the fauna of 
six islands or groups of islands. A consideration of the 

^ Wilson, Aves HawaiensUf and Rothschild, The Avifauna of Lay tan. 
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teycta brought forward will at once serve to divide these 
islands into at least two groups, which are again capable 
of subdivision. 

Continental Islands. 

In the first category are Great Britain and Madagas- 
car, which have a copious indigenous &una of mammalia 
and amphibia; to the second category belong the other 
islands, which have either no mammalia at all or they are 
extremely few, at most one or two species identical with 
those found upon the adjacent mainland, and which are 
absolutely destitute of amphibia of any kind. 

These distributional facts go hand in hand with Geo- 
logical structure. Great Britain and Madagascar are 
detached portions of continents, which have been sepa- 
rated from the mainland for varying periods. The re- 
maining islands, with the possible exception of the 
Galapagos, which will be considered later, are not such 
fragments but have arisen de novo in the ocean by 
volcanic agency. They have never had any connection 
with any continent. The relation between the geo- 
logical structure and the nature of the inhabitants is a 
real one; the mammalia, as has been already observed, 
are not capable of extended migration over the sea on 
their own account; it could only be but rarely that a 
mammal could reach a distant and oceanic island ; and it 
would be necessary in many cases that two individuals at 
least should emigrate within a reasonable time of each 
other. The immense tract of ocean which separates 
Kerguelen from the nearest continent has proved an 
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impassable barrier to mammalian life; for the common 
mouse, which, as has been said, occurs there, could easily 
be, and doubtless has been, conveyed there by man's 
agency. With the Amphibia the diflSculties are even 
greater; for in their case there is not only the diffi- 
culty of transport, but the serious additional difficulty 
that sea- water is fatal to them. It might be urged that 
as some of these purely oceanic islands are of large 
dimensions and have probably ^been larger, mammalian 
life might have come into existence upon them independ- 
ently. This assumption however would be entirely 
contrary to our ideas of evolution; indeed it is not 
necessary to argue from any a priori point of view, for we 
are confronted with the fact that some oceanic islands at 
any rate— €.^. S. Helena— are not incapable of supporting 
mammalian life, for imported animals do well, and yet 
they are totally without an indigenous fauna of the kind. 
On the other hand, there is no doubt at all that both 
Great Britain and Madagascar are seve^d portions of 
continents, which were amply stocked, with mammalian 
life when they were finally cut adrift. 

Although there is this general similarity between the 
two islands just mentioned, it is clear that there are also 
diiBFerences, and considerable differences too. The mam- 
malian fauna of Great Britain, and for the matter of that 
the fauna in general, is poor in peculiar forms, restricted 
to the archipelago and not found living in the continent 
of Europe; there qxq a good many peculiar species, it 
is true, but very few in comparison to the fauna as a 
whole. 
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On the other hand, Madagascar abounds in peculiar 
forms, even of family rank, and certainly in numerous 
cases of generic rank. This diflFerence again is correlated 
with physical conditions. Britain is separated from 
France by scarcely 30 miles of sea, which is so shallow 
that, as is stated, the dome of S. Paul's Cat^iedral in 
London, if submerged anywhere in that sea, would stand 
for the most part clear above the waves. On the other 
hand Madagascar lies 250 miles from the African coast, 
from which it is separated by an ocean varying in depth 
from 1,000 to 1,500 fathoms. The inference is that the 
separation between Britain and Europe is of much later 
date than that between Madagascar and Africa. More 
time would in all probability elapse between the scooping 
out of the deep channel which divides Madagascar from 
Africa, than of the narrow and shallow Straits of Dover. 

Oceanic Islands. 

The four oceainic islands again possess faunas which €tre 
not absolutely the same in character. Fernando Noronha 
and Eerguelen contrast with the Qalapagos and the 
Sandwich Islands by reason of the poverty of their fauna. 
They differ from each other also. Eerguelen has a poor 
Cetuna, hardly if at all richer than that which populates 
Fernando Noronha, but the number of peculiar types is 
larger and more marked ; more marked because the types 
are to a considerable extent of peculiar genera. This would 
tend to prove that Kerguelen is older as an island than is 
Fernando Noronha; more time has elapsed since it was 
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originally populated, and during that time the descendants 
of the original migrants have had time to pursue an 
independent line of development. That Rerguelen is an 
island of some antiquity is shown by the submerged bank 
which surrounds it» which would have demanded time for 
its submergence, and by the occurrence of stratified, 
though originally volcanically produced, rocks. We now 
come to the remarkable case of the Galapagos. Reptiles 
are often not totally wanting in islands of purely oceanic 
tjrpe; there seems to be some method, at present mys- 
terious, in which reptiles have the advantage over 
mammals in traversing the sea. So that the actual 
presence of lizards and snakes, though they are rather 
numerous, is not an absolute bar to regarding the 
Qalapagos as of purely oceanic origin. The great tortoises 
seem to be a huge difficulty ; there is no way of slipping 
out of the problem by bringing in the help of settlers ; 
besides, in another island, Aldabra, there are also huge 
tortoises. This island belongs to the Comoro group lying 
at some distance from Madagascar but connected ¥rith it 
by a shallow of about 1,000 fathoms in depth. There is 
much the same relation between Aldabra and Madagascar 
that there is between the Qalapagos and the South 
American continent. But in neither case could these 
huge tortoises, sometimes weighing 700 pounds, have 
swum across a wide and deep ocean. And the fi&ct that 
the first visitors to the Galapagos mention them shows 
that they have not been introduced by man. 

Dr Baur thinks that these tortoises are of themselves 
almost sufficient to prove the former connection of the 
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Galapagos with the mainland A further argument in 
the same direction is offered by the tsict that the feiuna of 
the mountain peaks of the Galapagos at a height of 900 
feet are like that of the mainland at 9000 feet. Given a 
great depression this would be accounted for. That view 
of the matter clears up in a satisfactory way the difficulty 
of the tortoises; it would be inferred from this way of 
looking at the problem that the huge Chelonians of the 
Galapagos like those of Aldabra had been able to hold 
their own by isolation and consequent freedom from 
competition or persecution* Mr Wallace however is of 
opinion that this assumption is unnecessary. "Con- 
sidering the well-known tenacity of life of these animals," 
he remarks, '' and the large number of allied forms which 
have aquatic or snbaquatic habits, it is not a very 
extravagant supposition that some ancestral form carried 
out to sea by a flood was once or twice safely drifted as 
br as the Galapagos, and thus originated the races which 
now inhabit them." The almost total disappearance of 
mammals requires explanation on the hypothesis that the 
Galapagos are a disjointed piece of South America. 

The study of the distribution of animals thus throws an 
important light upon geological problems, and tends to 
support the belief that animal life has come into being 
upon large continental tracts and that it is liable to 
variation when isolation is brought to bear. A carefril 
comparison of island feiuna moreover enables some esti- 
mate, chiefly of course comparative, to be made concerning 
the age of the island in question. 

B. z. 14 
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Anomalous islands. 

New Zealand is spoken of by Mr Wallace with justice 
as an ''anomalous" island. Though continental it has 
many of the characters of an oceanic island which has 
never had any connection with a continent. It contrasts 
in the most marked way with Madagascar. Unless the 
mysterious carnivore already referred to really turns out 
to be what has been suggested, a kind of otter. New 
Zealand possesses no indigenous mammals except the 
flying bats, which are largely uninfluenced by the ordinary 

be slightly different from the Mils rattus; but the 
difference, if present, is not considerable. On the other 
hand there is one frog, and frogs are absent from truly 
oceanic islands. Most remarkable are the birds of New 
Zealand and the unique Hatteria, the representative of 
an otherwise extinct group of Saurians. The fact that 
the majority of the birds are flightless is due perhaps 
to the absence of destructive mammalia ; this flightless- 
ness applies not only to the Apteryx and the Dinomi- 
thidae, but in a lesser degree to the but recently extinct 
Cnemiomis and to the Rails. The islands are perhaps 
too large to permit of a comparison between this in- 
capacity for flight on the part of the birds of New 
Zealand and the defective wings of the Coleoptera of 
oceanic islands generally. Before consideriug the bear- 
ings of these facts upon former land connections, if any,^ 
between New Zealand and the most adjacent regions, it is 
convenient to refer to an ingenious suggestion on the 
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part of Captain Hutton as explanatory of the Moas of 
New Zealand These recently vanished birds are re- 
presented by a large number of different species which 
are now placed in more than one genus. The area upon 
which they lived is small, and accordingly the number of 
species is rather remarkable. In the Australian region 
there are nearly as many Cassowaries as there are Moas. 
Now these Cassowaries are spread over a considerable 
number of islands; they are not limited to the con- 
tinent of Australia but occur also in Coram, New 
Britain, New Ireland, &c. On these various islands and 
continent are different species. This suggests that 
isolation and the absence of opportunity for retaining the 
type by crossing with the parent stock was responsible 
for the great variety of Cassowaries. If New Zealand 
had been at one time a mass of not very distantly 
separated islands, each inhabited by its own particular 
species of Moa, a state of affairs very like that now 
existing among the islands lying to the north of Australia 
would result ; this is precisely what Mr Hutton in effect 
suggests. Mr Wallace regards the suggestion as a rea- 
sonable one, and it is impossible to follow a better opinion. 
If there has been this oscillation of New Zealand, whereby 
a continent (comparatively speaking) has been broken up 
into an archipelago, and reconstructed into a continent 
again, it may be that we have a clue to the existence of 
the large, clumsy, and flightless birds such as the 
Cnemiomis and the Notomis, Their case might well be 
analogous to that of the Qalapagan and Aldabran tort- 
oises ; or perhaps also to that of the flightless beetles of 

14—2 
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the Azores. At the same time if the tract of land, 
now known as New Zealand, were a mass of smallish 
islands daring the time that mammalian life came into 
existence upon the Australian continent, the small 
superficies of the individual islands might hinder the 
successful immigration of the primitive mammalia ; to get 
a successful footing would be in every way more likely 
upon a larger than upon a smaller land surface. The 
chances of landing too would obviously be greater in 
proportion to the extent of coast line. Had New Zealand 
been as Madagascar undoubtedly was, a broken-off frag- 
ment of a formerly more extensive Australian continent, 
there would surely be some traces of at least marsupial 
life. On the other hand it might be well urged in reply 
to this that the connection of the two countries may have 
antedated the advent of marsupials. A separation may 
have occurred while Australia was only populated by the 
lower vertebrates. Or with equal probability it might be 
pointed out that Australia was joined with New Zealand 
when it was itself divided into two halves, of which the 
western had only just received its stock of marsupials. 
This latter is Mr Wallace's view. There is no doubt that 
the fauna of New Zealand is one of the greatest puzzles 
that distribution has to offer. 

Some peculiarities of island animals. 

Having already dealt with peculiarities of island fskunas 
as regards the classes of animals which inhabit them, the 
absence of some kinds of animals and the presence of 
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others, there remains another series of facts of which a 
brief epitome may be useful. It has been already pointed 
out incidentally that many islands, whether oceanic or 
not, are, or were until well within the historic period, 
inhabited by birds not only of large size but also without 
the power of flight, either owing to the partial abortion 
of the wing muscles and bones or simply by use, like 
the Weka rail of New Zealand. This is quite a common 
characteristic of the birds of islands. The Dinorms of 
New Zealand, the Dodo of Mauritius, the " Solitaire " of 
Rodriguez, are instances to the point. It seems highly 
probable that this large size coupled with an incapacity 
for flight was correlated with the absence or at least the 
rarity of fierce enemies; mammalia are, if not absent, 
small in those islands where these large and flightless 
birds exist or existed. It is to be observed that even 
among the Struthious birds, all of which are flightless, the 
majority of the species are inhabitants of islanda This 
majority is mainly formed it is true by the genera of 
Dinomithidae ; but a large number of Cassowaries are 
exclusively island forms. 

Birds are not the only animals which grow to a large 
size upon islands. On a former page attention was called 
to the huge tortoises of the Galapagos. These tortoises 
are not altered apparently in any other respect ; they do 
not for instance show any structural feature which could 
be said to be analogous to the flightlessness of so many of 
the ornithic inhabitants of islands. But the tortoises of 
the islands are actually the largest of the whole tribe; 
their unwieldy bulk, likely to be disadvantageous where 
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the struggle for existence was keener, is in all probability 
to be referred to the same causes as the defenceless state 
of the Dodo and other island birds. 

The island of Mauritius was also inhabited quite 
recently by gigantic tortoises which are now without 
exception extinct. Dr Gadow in a recent communication 
upon the subject^ distinguishes no less than six " forms " 
of these. He uses the word "form" because it seems 
improbable that they have the full value of species ; and 
yet names are given to them without any such prefix as 
"forma " or " var" It is at least not usual for species of 
the same genus — and all these giants belong to Testudo, 
just like those of the Galapagos — to herd together in a 
limited tract. Now five out of these six forms have 
deposited their bones in one marsh ; so much confused 
were they, owing no doubt partly. to the fault of those 
who fished them out, that in some cases the bones seem 
to have entirely lost their mutual relations. Waiving 
the question of species it is clear that great variability 
reigned among these large and unpersecuted inhabitants 
of the Mauritius — their freedom from enemies being also 
perhaps indicated by the thinness of the shells. It is 
incorrect to make the general statement that great size is 
characteristic of island tortoises only, because the giant 
Cohssochelys of India and some other forms flourished 
under continental conditions. But among living or but 
recently extinct tortoises large size seems to have been 
only attainable on these favoured because restricted spots, 

* Trans. Zool. Soc. VoL xiii. 
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where natural selection imposed no check upon unwieldy 
bulk. 

Dr Dobson has pointed out the curious circumstance 
that bats are not nearly so numerous in oceanic islands as 
birda From many considerations they ought to be; 
their nocturnal habits and the general nature of their 
insect food are characters which would fitvour successful 
colonisation. The reason apparently for their comparative 
scarcity in islands which must have been stocked with 
them firom the nearest mainland is correlated with the 
comparative rarity of flying objects. On another page 
I direct attention to the fact that the insects of oceanic 
islands are largely like the birds flightless. Now bats are 
as a rule thoroughly aerial in their habits ; they seek their 
prey upon the wing. This tauct, thinks Dr Dobson, is 
largely responsible for the poverty of New Zealand in 
Ghiroptera. 

Even in the British islands poor though their £Biuna 
is there are eight times as many bats as in New Zealand. 
One of the peculiar New Zealand bats, Mystacina tuber- 
culata, '* has the claws of the poUex and toes remarkably 
elongated, very acutely pointed, and provided at the. base 
of each with a small talon projecting from its concave 
surfece near the base ; the wings are peculiarly folded so 
as to occupy the least possible space ; and they and the 
interfemoral membranes are preserved from injury by 
being encased, when so folded, in a specially thickened 
part of the wing and interfemoral membrane, analogous to 
the thickened part of the anterior wings in Hemiptera, 

^ Ann, Mag, Nat, Hist. Sept. 1884. 
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and to the elji^ra of the Coleoptera; furthermore the 
plantar snr&ce of the foot including the toes is covered 
with very soft and very lax integumental tissue deeply 
wrinkled." These peculiarities of structure, thinks Dr 
Dobson, must have some relation to the habits of the bat. 
The probability seems to be that the structure of the feet 
gives to the animal an unusual power of grasping tightly 
any rough sur&ce like the bark of a tree, while the wings 
not being needed when the creature is in such a situation 
are protected from injury by being carefully stowed away 
in the fashion described. Dr Dobson is of opinion that 
this bat instead of hunting its prey on the wing seeks it 
upon the trunks and branches of trees up and along 
which the bat crawls. This curious modification of struc- 
ture therefore is probably an indirect effect of living upon 
an island where there are but few fljring insects. From 
the same group of animals may be drawn another example 
of modification of structure having a relation to habitat. 
In the Bermudas, which are 700 miles from the American 
coast, are two species of bats ; but one only in the Azores^ 
which are closer to the island of Madeira by about 150 
miles. The presence of these animals is said to be due 
to the occasional prevalence of violent storms. It is 
remarkable that these species have a robuster and more 
hairy body, which would of course tend to endow them with 
a greater power of withstanding the violence and coldness 
of a long-continued gale. 

Another highly remarkable association of structure 
with locality is afforded by the flightless insects of many 
oceanic islands. Attention has been already directed to 
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the &ct that in the Galapagos and Kerguelen many of 
the insects are flightless. The same is the case with 
other oceanic islands. But in other cases the insects 
have larger wings than their allies upon the mainland. 
These two &cts are both explained in the same way by 
Mr Darwin. The small size of the islands and the frequent 
prevalence of gales of wind would tend to blow the insects 
out to sea, where they would in all probability perish. 
Those individuals therefore which either had wings un* 
commonly strong or were incapable of flight altogether 
would have the best chance of maintaining their footing. 
The same need has thus produced two effects of the most 
opposite kind. 

Prof Eimer has remarked upon the fact that "the 
butterflies of Sardinia are in general smaller and also 
more darkly coloured than those of the mainland." The 
same thing exactly is met with in the case of the variety 
of the small Tortoiseshell butterfly upon the Isle of Man. 
This island has other insects which are darker in colour 
than those upon the neighbouring mainland. DiatdhcBcia 
capaophila is a variety of the more usual D. carpophaga ; 
in Ireland the examples of this variety are dark coloured, 
but those of the Isle of Man are more darkly coloured 
still. Mr Wallace mentions four other moths which show 
some such difference from their representatives upon the 
m ai nlan d. The somewhat rare Cirrhoddia xerampelina is 
not much darker than the mainland form but it differs 
from it in the production of a characteristic yellow line. 
The late Mr J. Jenner Weir, a well-known entomologist, 
noted that several of the Geometer moths of the Hebrides 
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had a tendency towards a greyer coloration than the 
specimens of the same species on the mainland. This alte- 
ration he was disposed to put down to a colour variation 
of a protective significance in relation to the abundant grey 
gneiss of the islands ; it may however be a phenomenon 
like the other instances that have been just nientioned. 
It has been suggested that this prevailing melanism of 
the insects of islands is an effect of the moist climates of 
islands. On the other hand Mr Wallace noticed a 
prevalence of white in the colour patterns of some of 
the butterflies of the Moluccas and New Guinea, a 
peculiarity more likely perhaps to be due to a possible 
action of natural selection than the more usual darker 
colour. The colour in this case would increase the con- 
spicuousness of the insects ; but in an island they would 
run less risks &om insect-eating foes and might therefore 
develop more freely in certain directions than on the 
mainland, where enemies are more numerous and com- 
petition severer. 

Precisely the same class of characters distinguish the 
birds of the Qalapagos islands^ The genus Oeospize, a 
flnch peculiar to the islands and consisting of eight species, 
is of a dull colour to black, the darker hues being the 
distinctive mark of age. " In old males," says Mr Salvin, 
" the plumage is almost uniformly black." Such specific 
names as "fuliginosa" and **nebido8a" keep the pecu- 
liarities of these insular birds in the mind. Cactomis, 
another genus restricted to the islands, is " olivaceo- 

^ On the Avifauna of the Galapagos Archipelago* Trans, ZooU Soc, 
Vol. IX. 1876, p. 447. 
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fusca" dorsally, and the species is called by Messrs Sclater 
and Salvin *' pallida*' which is significant. Mr Salvin 
thinks that the species may have been founded upon 
birds not adult. These statements however do not only 
apply to genera which are peculiar to the islands and 
occur nowhere else; indeed they would have much less 
interest and significance if they did. One of the two Owls 
living in the Galapagos, Asio gaiapagensis, is defined 
by Mr Salvin as ** Asioni hrachyoto simiUs, sed minor, 
coloribus obscurioribus" &c. The Night Heron of the 
Galapagos, whether it is a distinct species or merely a 
variety of the common NycUcorax violaceus, is stated to 
be darker coloured than that species, and further instances 
of a like nature might be brought forward from Mr Salvin's 
monograph upon the birds of these islands. Generally 
speaking his Latin diagnoses of the species abound with 
such words as "niger," " nigerrimus," "fuscus," "fuli- 
ginosus," &C., and completely bear out what has been 
already said of the coloration of island forms belonging 
to this as well as of other groups of the animal kingdom. 



CHAPTER V. 

SOME THEORETICAL CONSIDERATIONS. 

The bearing of the facts of distribution upon the 
places of origin of different groups. 

There seems to be little doubt that life first originated 
in the sea, whence it spread to the firesh waters and so to 
the land. We are not however concerned in the present 
volume, which only professes to deal with the distribution 
of terrestrial and a few fresh-water groups, with this 
problem. 

But it is necessary to .see how £str the existing and 
past facts of distribution enable the place of origin of a 
particular terrestrial group to be indicated with prob- 
ability. No exhaustive survey of the different groups of 
the animal kingdom will be attempted; but a few facts 
and suggested explanations will be put forward as 
examples. 

In some cases, of course, palaeontology throws a clear 
light upon the problem. The horse, for instance, came 
into being in the new world, whence it migrated into the 
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old world, becoming for a time extinct in its place of 
origin; it was subsequently reintroduced, apparently by 
man. An instance of this kind shows how careful we 
must be to guard against the assumption that that locality 
where a given group is most abundant is its place of 
origin. It is perhaps a stronger argument to use the 
locality of the more ancient forms of the group as being 
probably the cradle of the race. 

Ftirbringer has lately urged the antiquity of the genus 
StrmgopSy the flightless parrot of New Zealand; this 
coupled with the presence of abundant parrots in the 
Australian region— many of them being primitive forms 
that have preserved the ambiens muscle missing in many, 
the normal arrangement of the carotids and a completely 
developed clavicle — argues for that region as being the 
starting-point of the Parrot tribe. Here we are not 
helped to any great extent by {)al8eontology. 

The different regions into which the world is divided 
possess, as has been pointed out in some detail, in every 
case a characteristic fauna. That fauna may be or may 
not be autochthonous; the American Edentates seem to 
have arisen where we now find them, since no fossil 
Edentates are known of the American type save in 
America. Other countries are peopled by immigrants. 
There can be no doubt that wherever the groups of ani- 
mals that inhabit oceanic islands arose it was not in those 
islands ; there is clear evidence that they are the more or 
less modified descendants of animals that found their way 
across the sea in some way. 
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The place of origin of the Marsupials. 

The Australian region offers difficulties which have 
perhaps been passed over too lightly. As is well known 
the continent of Australia and some of the adjacent 
islands to the northward are mainly characterised by 
Marsupials. With the exception of the American 
Opossums all the Marsupials are crowded into this com- 
paratively limited tract of continent and island. In 
addition to Marsupials there are of course the ubiquitous 
bats, the Dingo dog and a few rodents, notably the genus 
Hydromya, with more than one species. The Dingo has 
been regarded as the feral descendant of a domesticated 
dog introduced by man. M'Coy has however demon- 
strated the existence of fossil remains of this Carnivore in 
the Pliocene deposits of Australia, the remains of a period 
when there were no human inhabitants of the continent. 
On the other hand the proof has been strengthened by 
investigations which approach the matter iroxn another 
side. Nehring denies that the osteological characters of 
this dog are those of a feral animal, and affirms that it 
presents all the features of a truly wild race. The 
indigenous nature of the rodent inhabitants of Australia 
have not been called in question. The line which 
separates the Australian &om the contiguous Oriental 
region passes between the islands of Bali and Lombok and 
between Borneo and Celebes, the last-mentioned island 
being in each case within the Australian division. Lyell 
shows in a sketch map of that part of the world that this 
line (which has been called "Wallace's line") nearly 
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coincides with a line marking off the range of the Indo- 
Malayan and Pacific races of mankind. This remarkable 
series of facts is usually accounted for in the following 
way. The greater depth of water between the islands 
mentioned probably indicates a longer time or separation 
from each other than in those cases where the dividing 
seas are shallower. Hence it may be assumed that the 
dominant race of Mammalia in the earlier periods of the 
earth s history occupied Australia in common with the 
rest of the world; at this time the deep separation 
between the two regions, as we now admit them, took 
place. Australia and the Australian region generally 
would be well stored with Marsupials. So too would the 
Oriental region. But in course of time the wave of 
migration of higher types of mammals, the placental 
mammals, evolved gradually from the Marsupial, would 
extend eastward and improve the remaining Marsupials 
off the face of the world ; the deep straits already referred 
to might be reasonably held to offer an impediment to 
their further progress eastward in sufficient numbers at 
any rate to compete successfully with the mammalian 
possessors of the soil. As a matter of fact the fringes of 
the Australian region, the islands of Lombok and Celebes, 
to wit, have received some few of these later migrants; 
** a baboon, a wild cat and a squirrel " occur in Celebes ; 
while Macacus cynomclgus and one or two other placental 
mammals reside in Lombok. This appears to be a 
feasible explanation of the facts. But as already hinted 
there are difficulties in the way of its immediate accept- 
ance. To begin with, remains of the elephant have been 
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dug up in Australia and in its furthest comer, viz. 
Queensland. Furthermore, a^ the colonists know to their 
cost, the common rabbit when artificially introduced has 
proved capable of suiting itself with a marvellous degree 
of success to the conditions found in Australia. In this 
latter case no competition has had the least effect ; and 
even when hampered by repressive legislation aided by 
the experiments of bacteriologists the rabbit has done a 
good deal more than hold its own. It is clear therefore 
that there is nothing in the " air " of Australia which is 
in any way fatal to the constitutions of mammals in 
general. Then why, if the Marsupials have disappeared 
elsewhere, have they not also disappeared &om Australia ? 
The key to the explanation of this difficulty seems to be 
the assumption that Australia is the native country of 
that group. It will be remembered that in Australia 
alone and in some adjacent territories (New Guinea) are 
there any representatives of the oldest order of Mammalia, 
the Monotremata. The two existing genera Echidna and 
Ornithorhynokus are unknown save in this part of the world. 
It is generally accepted that the Monotremata stand 
at the base of the mammalian series and that the 
Marsupials stand between them and the higher mammals ; 
the name Metatheria applied by Mr Huxley to the group 
is an expression of this opinion. The very fact that 
Marsupials abound in Australia is so &ir a proof that they 
originated there ; for they would have died out were they 
not so suited. Over-population or the migratory instinct 
caused many forms to leave the Australian region and to 
spread over Europe and America, in which latter country 
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alone they have persisted. In fact the Marsupials have 
had the start in a country eminently suited to them and 
have only been beaten in the struggle for existence in 
regions subsequently settled in by them and therefore 
perhaps less fit for their peculiar organisation. There 
still remains the puzzle why some races of animals have 
been able to establish themselves in Australia in spite of 
the existing mammalian fauna, and why others have not. 
The case of the rabbit shows that we cannot get out of 
this difficulty by assuming that as much colonisation as 
there was room for has as a matter of fact taken place. 
On this view we should regard the presence of the 
elephant as an unsuccessful attempt at colonisation. The 
presence of comparatively speaking numerous placental 
Mammals on the outskirts of the Australian region 
renders it impossible to have resort to the hypothesis that 
colonisation was at such rare intervals that only the 
Dingo and the other few Australian placental Mammals 
have had time to establish themselves. The only way 
out of this difficulty which at present suggests itself is to 
dwell upon the superior energy of the younger races of 
the Palsearctic region. 

It is generally held that the desert of Sahara was an 
open sea during the Miocene period ; and that this checked 
the immigration or emigration of many purely terrestrial 
forms, and that it therefore formed a boundary between 
the Ethiopian and Palaearctic regions. This boundary is 
not accepted by everyone certainly ; but it is by some. Mr 
Blanford has pointed out^ that the geological views which 

^ Presidential address to Oeologioal Society 1890. 

11. z. 15 
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argued a sea occupjdng the region of the Sahara during 
tertiary times are now believed to have been erroneou& 
Zittel, says Mr Blanford, has shown that there is no reason 
to think that any part of the Sahara has been sea since 
the Cretaceous period. This fits in admirably with the 
present and past distribution of the Marsupials and in quite 
a convincing way. There is of course abundant evidence 
that these mammals were common in Europe during the 
mesozoic epoch, whether they originated there or not. 
Now if there was then land connection with the African 
continent why did they not migrate there as well as to 
Australia and to America ? It is of course possible that 
they did and that they have since become extinct. 
Madagascar however has to be considered; many writers 
have pointed out that Madagascar appears to have 
preserved some of the more ancient mammalian inhabi- 
tants of the Ethiopian continent. In any case it seems 
certain that many of the newer immigrants into Africa 
never succeeded in getting as fax as Madagascar. There 
are so many analogies of a kind between Madagascar and 
Australia that the negative fact that Marsupials do not 
occur there gets a certain importance. If however the 
severance between Africa and Europe was of earlier date 
than is commonly held we have a possible explanation of 
the entire (?) absence of Marsupials from the former 
continent. Besides, their absence sheds perhaps an 
oblique light upon my suggestion that the group origin- 
ated in Australia. The numbers in Europe may have 
been small, and there was therefore no pressure such as to 
lead to migration. 
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Theory of the Polar origin of Life. 

The theory of the polar origin of life^ is, as regards 

terrestrial and fresh water vertebrates rather seductive. 

On this theory it is clear that the further away from the 

north pole the more archaic will be the types of animals 

met with; and on the contrary the newer groups will 

have moved away to a less distance. Among the Mammalia 

this is strikingly exemplified of course by the Marsupials, 

once existing in great variety in Europe and North 

America. They are now absolutely extinct in Europe and 

but feebly represented in North Americaw The survivors 

have been pushed in to the ftirthest comer of the world — 

the Australian continent, and some of the islands to the 

north. The bulk of the American Opossums are confined 

to the Neotropical, ie. the more southern regions of the 

American continent, oidy a single species occurring in 

North Americaw This it is presumed upon the theory 

under discussion is due to the fresh development of types 

of life in the polar regions which have forced the older 

and less vigorous forms of life to emigrate ; a continued 

efflux of waves of life spreading out from the place of 

origin push frirther away the races which have the start. 

Everyone is agreed that the Struthious birds are in all 

probability an ancient race, or perhaps races, for the unity 

of the group is now-a-days rather called in question. 

Here again we meet with no northern types at all ; North 

Africa is the northern limit of the birds, and the vast 

1 See Haacke, BioL Centralhlatt vi. 
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majority are in the most southern parts of the globe; 
New Zealand itself had quite recently a number of species 
as great as all the existing forms. The northern types of 
birds, for instance the sandpipers, crows and hosts of 
others, embrace no forms that can be regarded with any 
probability as more ancient than the Ostrich tribe. 
Among Reptiles the HaMeria, allied to the triassic 
Hyperodapedon, has been driven quite to the verge of 
inhabitable country ; it has even got beyond New Zealand 
to a few small islands off the coast. Turning to another 
group of animals, the Dipnoid fish exemplify what has 
been said in a forcible way; the three existing genera 
Oeratodus, Protopterus and Lepidosiren are confined 
respectively to Australia, South America, and certain 
parts of Tropical Afiica. The fossil remains of Dipnoi 
are common in the more ancient strata of this country 
and of North America. Even invertebrates fall in with 
the theory to some extent. It seems on all grounds 
reasonable to conclude that the genus LurnbricuSy and 
its immediate allies, are the most modem existing forms ; 
these genera are precisely those which are indigenous to 
the northern hemisphere only, where they form, with 
a few exceptions, the only earthworms met with. 
The more archaic Perichaetidse, AcanthodrilidaB and 
CryptodrilidaB are characteristic of the southern hemi- 
sphere while the Acanthodrilidse which are very possibly 
the oldest existing family of the group are particularly 
antarctic in their range. The fi-esh water Crayfishes fall 
in with the other groups cited; and the facts in their 
distribution and structure agree entirely with those of 
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the earthworms. Huxley^ has divided the family into 
two families the Potamohiidae and the ParastacidaB ; the 
former are confined to the northern the latter to the 
southern hemisphere. Of the Potamohiidae there are hut 
two genera Aatcusus and Ccumbarus. In hoth of these the 
pleurohranchs are greatly reduced, indeed in Cambarvs 
they are completely absent. As in Astcums there are distinct 
rudiments of the pleurohranchs belonging to several pairs 
of appendages, in addition to one pair completely developed ; 
the inference appears to be that the extra pleurohranchs 
have in the course of time been lost. Now in all the 
Parastacidae with the exception of Astacoides there are 
four pairs of fully developed pleurohranchs, thus indicating 
an earlier type. Furthermore the genera of the southern 
hemisphere, " in which the apices of the podobranchiae are 
not separated into a branchial plume and a well developed 
lamina, present a less differentiated type of branchial 
structure than that which obtains in Astcums and Cam- 
barus.'* Pro£ Huxley himself is inclined to postulate the 
existence of a marine ancestor of world wide distribution 
which entered the rivers of the northern and the southern 
hemisphere and diverged in different ways in each hemi- 
sphere; but this leaves unexplained why the antarctic 
genera should have retained more primitive characters 
than the Crayfishes of the north. 

There is another essential if the polar theory of the 
origin of life is to be accepted. To establish this theory 
upon a firm basis it will have to be proved that the 
£EHuias of the different countries become more and more 

^ The CrayJUh in International Sei. Series. 
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divergent the further they are removed from the hjrpo- 
thetical seat of origin. This can be defended by a series 
of facts. There has been of late a considerable amount of 
discussion as to the value of the Palsearctic and Nearctic 
regions of Mr Sclater. It has been proposed to unite 
them into one common region to which the name Holarctic 
has been applied by Prof Newton. This is accepted by 
Dr Heilprin in his work upon Geographical Distribution. 
More recently Mr Wallace has defended the retention of 
the two separate regions. The present object is not to 
attempt to decide upon the relative values of these two 
opinions but to emphasise the fact that there has been a 
discussion, and to point out that there never has been any 
question as to the distinctness of two such regions as the 
Neotropical and the Oriental. An ingenious reconciliation 
has been suggested by Dr Hart Merriam who would 
institute a Boreal region cut off from Nearctic, and joined 
to the Palsearctic leaving the rest of the Nearctic alone 
as a distinct " Southern " region. This proposal brings 
into prominence the very close resemblance of the circum- 
polar fauna; indeed out of the 30 genera of mammals 
in the Boreal region only 10 are peculiar to America. 
If we were to adopt a slightly different plan and cut off a 
boreal region or Arctic region as it has been termed from 
both Palsearctic and Nearctic the almost complete identity 
of the circumpolar fauna would be clearly demonstrated. 
Such animals as the Reindeer, the Glutton, the Elk, the 
Lemming, the Arctic Fox are circumpolar in range. 
Between the Palsearctic and the Nearctic, after this large 
slice has been cut off from both, there is not a little 
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likeness, though there are also differences. Moving 
farther south the differences increase until the resem- 
blances almost entirely vanish. 

It is unnecessary to recapitulate the characters of 
the faunas of the several regions here, as the matter has 
been already treated of. Broadly speaking it is unques- 
tionably the fact that the differentiation of the different 
regions gradually increases as we pass southwards from 
the north pole. We cannot of course hope to reduce to 
an exact table the progressive differentiation of the &una 
along the lines of migration; some have moved more 
rapidly, others have lagged behind ; while structural 
changes have proceeded more rapidly in some groups 
of animals than in others. But a survey of the facts 
tends to prove the general accuracy of the conclusion that 
the differentiation of faunas proceeds inore rapidly the 
further we get from the pole. 

It is obvious that if life originated at the north pole 
the conditions of climate must have been more &vourable 
than at present. That this was so there is abundant 
evidence to prove. The existence of a luxurious and at 
least subtropical fauna in the arctic regions during the 
Miocene period is justly termed by Mr Wallace "one of 
the most startling and important of the scientific discoveries 
of the last 20 years." In remote Greenland we find 
abundant and well preserved remains of chestnut, walnut, 
plum, vines and even magnolias. Further north still in 
lat. TS"" and 79"" there was in Spitzbergen an almost equally 
rich fauna, of which one member the swamp cypreaa 
{Tctxodium distichum) is now a dweller in the southern 
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United States. Water lilies, pond weeds, and an iris, 
flourished at the same time in the same place. This 
however does not indicate by any means the limits of 
life towards the pole; in Grinnel land distant only 
8^ degrees from the pole itself there was a flora composed 
of poplars, elms, hazels and the swamp cypress again. 
This warm period preceded the glacial period, which of 
course put an end to the flora and fauna or else drove it 
southwards. It is the opinion of many that the glacial 
period was not an isolated phenomenon but the last in 
a series of many glacial periods. If this were so 
and if they recurred with tolerable frequency as is 
again the opinion of many, all question of a polar 
origin of life would be out of the range of possibility. 
This view of the matter has been mainly based upon 
two series of facts. In the first place it is argued that 
these glacial periods have been due to the variations 
in the obliquity of the earth's orbit, which alternates 
from a more to a less pronounced ellipse. This would 
bring about in conjunction with the rotation of the 
earth on its own axis long cold winters and short hot 
summers as well as the reversed condition. The former 
would it is thought account for glacial periods. That 
these have taken place in the recurrent fashion demanded 
by this astronomical cause is attempted to be proved by 
the existence of erratic boulders imbedded in the sedi- 
mentary rocks belonging to past epochs. Mr Wallace 
however holds that this cause is not of itself sufficient to 
cause excessive glaciation; it is necessary also to have 
continuous land sur£a<;es and high mountains to retain the 



CH. V] PALiEOZOIC GLACIAL PERIODS. 288 

snow and ice and to prevent the influx of warm currents 
firom more southern latitudes. The undoubted boulders 
he regards not as evidence of exceptional glaciation, but 
as evidence of high mountains with glaciers which carry 
down these boulders ; this is not inconsistent with a warm, 
even tropical, temperature at their base. It is not until 
we reach the Permian period that Mr Wallace thinks that 
a severe glaciation occurred. In the west of England 
there are beds of ice-borne rocks which must have been 
carried for a distance of fifty miles and this together with 
the poverty of the &una and flora are indications of a 
glacial period If however we consider as Prof Huxley 
did in 1870 that even the highest group of animals the 
mammalia probably originated well within the Palseozoic 
period, since it has taken from the commencement of the 
Elocene to almost to-day for so small a modification as the 
reduction of the horse's foot from the five-toed to the 
one-toed condition, even this remotely distant glacial 
epoch will be sufficiently near to exclude all possibility 
of the polar origin of mammalian, let alone all other 
vertebrate and invertebrate life. We may take it therefore 
that the polar regions enjoyed a mild or even a warm 
climate throughout the tertiary and secondary epochs, 
but it has been pointed out that in Carboniferous and 
Silurian times the temperature judging from the fauna 
and flora was of the same kind ; this however is of no 
importance ftom the present point of view if the Permian 
glacial period really took place as the evidence seems to 
assert. 
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BraQh3rtarsomy8, 188 
Braohyurus, 111 
BradypodidflB, 81 
Bradypus, 31, 111 
Brazilian sub-region. 111 
British Isles, Fauna o^ 188 
Brontomis, 167 
Bucerotidie, 75 
Bufo dialophuB, 77» 147 note 
Bufonidaa, 47 
Buteo solitariuB, 204 
Buthidaa, 50 
Butterfly, Large copper, 7 

Caoatuidas, 114 
Cactomis, 197, 218 
Caiman, 48, 44 
Califomian sub-region, 86 
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CalUdriliu, 63 

Calodromas, 111 

Calophrynns, 178 

Camarhynehas, 197 

CambaniB, 229 

Canadian sab-region, 97 

Canoroma, 110 

Cannonopsis, 194 

Capra ffigagrns, 21; oauoasioa, 21; 
fjEilconeri, 21; hyloerins, 22; 
ibex, 21; jemlanioa, 21; pal- 
lasii, 21; pyrenaioa, 20; severt- 
zowi, 22; sibirica, 21; sinai- 
tica, 21; walie, 21 

Capromys, 112 

Caziama, 109, 167 

Cariamidn, 76 

Carinate birds, 82 

Carpoeocoyx, 107 

Casarca, 46 

Cassowaries, Distribution of, 23 

Cassowary, Species of, 28 

CastniidaB, 130 

Casnarios aastralis, 23; Beooarii, 
24; Bennetti, 24; bicarancula- 
tas, 24; Edwardd, 23; galeatos, 
23; Iftglaizei, 24; occipitalis, 24; 
pictioollis, 23; Salvadorii, 23; 
nniappendicalatns, 23; Wester- 
manni, 23 

Cathartidtt, 76 

Celebes, Faona of, 106 

Central or Rocky Moontain sub- 
region, 96 

Centropus, 36 

Centrums, 62 

Ceratodns, 228 

Qeratophrys omatns, 48 

Ceroophonius, 62 

Cereopds, 202 



Geriomis, 89, 93, 106 

Certhidea, 197 

Ceylonese sub-zegion, 105 

Chalarodon, 189 

Chalk and Ooze, 168 

ChamsBa, 96 

Chamasleon, 32, 190 

Chamasleons, Bange of, 41 

Chasmorhynohns, 129 

Chauna, 109 

Chelonia, Distribution of, 38 

ChelydidflB, 39 

ChdydridA, 38 

Chilian sub-region, 110 

Chimpanzee, 13, 68, 99 

Chionis, 166 

ChiromyidsB, 11 

Chiromys, of Madagascar, 14 

Chlamydophorus, 32, 110 

ChflBTopotamus, 100 

Choloepus, 31 

Chxysoohloridn, 102 

Cidarids, 168 

CinistemidflB, 38 

CirrhflBdia xerampelina, 217 

Civet, The, 91 

Cladooera, Eggs of, 136 

Cnemiomis, 202, 210, 211; calci- 

trans, 202 
Coelodon, 34 
Cceloplana, 55 
Coliidn, 100 
Colossoohelys, 214 
Colour and distribution, 118 
ColubridaB, 46 
Condyluia, 97 
Conolophus, 196 
Coraoopsis, 189 
Corallus, 46 
Curegonus vandesius, 8 
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Comofer, 47, 77 

Cosmopolitan genera, 9; groupe, 
8; species, 10 

Cotyloplana, 66 

Coua, 189 

Craoidie, 27, 28, 80, 31 

Crioetomys, 90 

Criodrilus, 64 

Crocidora, 188 

Crocodile hidden beneath a hay- 
stack, 154 

Crocodiles, Distribution of, 48 ; 
Marine, 148 

Crocodiles, 43, 44; palostris, 46 

Crossoptilon, 93 

Crotophaga, 36, 94 

Crostaoea, Antarctic, 161 

Crustaceans, Isopod, 161 

Cryptodira, 88 

Cryptodrilidn, 68; Range of, 68 

Cryptodrilus, 60, 69 

Cryptoprocta, 14, 188 

Ctenodactylus, 91 

Cuckoos, 106; Distribution of, 36; 
Fossil, 37; Old World and New 
World, 36 

Cuculidifi, Distribution of, 36 

Cuculus canorus, 36 

Cuscus, 77 

Cyathopoma, 179 

Cydostoma, 144 

Cydostomatidn, 179 

Cydotopsis, 179 

Cydoturus, 81 

Cynomys, 97 

C^opithecus, 104, 107, 116 

CystignathidsB, 48, 172 

DactylethridsB, 47, 49 
Dama, 91 



Dasomis, 167 

Dasypodidn, 31, 33 

Dasypus, 82 

Deinodrilus, 60, 66, 66, 169 

Dendrobatidifi, 48 

Dendrogsaa, 47, 74 

Dendrolagus, 117 

Deodrilus, 69 

DermatemydidsB, 38 

Diachnta, 64 

Dianthcecia capsophila, 217 

Diatryma, 167 

Diohogoster, 69 

Diddphys, 109 

Didunoulidse, 77 

Digaster, 69 

Dingo, The, 116, 222 

Dinomis, 200, 202 

DinomithidsB, 167 

Dionychopodes, 60 

Diplocardia, 66, 67 

DiplocentridflB, 63 

Diplocentrus, 62, 63 

DiporochflBta, 61, 169 

DiscoglossidsB, 48 

DiscophidflB, 49, 178 

Distiechurus, 117 

Distribution, 118, 119, 124; Dia- 
grams of, 119-121; Discontinu- 
ous, 16; Geographical, 4; Plans 
of, 81, 82; Mr Bomanes on, 132; 
and evolution, 181 

Dolichoplana, 66 

Doroopsis, 117 

Doriopsis, 84 

Doris, 84 
Drepanididg, 77, 204 

Dytiscus, 143 

Earth-worms, Aquatic, 138; Dis- 
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tribation of, 57 ; Ethiopian, 67 ; 
Families of, 58, 59; of Mada- 
gascar, 180; of Mauritiiu and 
Bodriqaez, 181; of New Zea- 
land, 66; of West Indies, 64 

East African sab-region, 101 

Eastern or Alleghany sab-region, 97 

Echidna, 82, 224 

Echinoderms, Fossil, 182 

Echinoids, 158 

Ectemnorhinas viridis, 194 

Edentates, 76, 111; Distribntion 
of, 31; Extinct, 34; Old World, 
32; Straotare of, 33 

Elainea ridleyana, 191 

Elaphodns, 92 

Elaphromis, 106 

Elasmognathns, 109, 112 

Elephant, Indian, 104 

Elseya, 89 

Exnbiyonopsis halticella, 194 

Emeos, 202 

Enhydra, 96 

EnchytrieidsB, 189 

Ethiopian region. Families pe- 
culiar to, 98; genera pecoliar 
to, 98, 99; sub-regions, 101 

Etroplns, 178 

EablepharidflB, 41 

EodrilidsB, 58 

Eodriloides, 68 

EudriloB, 58, 67 

Enpleres, 188 

Eapetes, 107 

European sub-region, 91 

Euxypyga, 109, 111 

Eutheria, 86 

Evolution and Distribution, 131 

Fauna, affinities of, 192 



Faunas, Influence of geological 
terrain upon, 136; Similarity 
of the, in different countries, 
129; Synchronous, 163; of 
Tropical countries, 130 

Fernando Noronha, Fauna of, 190 

Fish, Fresh-water, 171 

Flat worms, 3 

Flightless birds, 213 

Francolinus Kirki, 8; pictus, 29 

Fregilupus, 11 

Frog, The edible, 146 

Frogs and Toads, 47 

Galapagos, Birds of the, 218; 
Fauna of the, 195; Insects of 
the, 198; Owls of the, 219 

Galaxias, 171; attenuates, 171 

Galaziidie, 171 

Gallinaceous birds. Distribution of, 
26; Structure of, 28 

Gallus, Species of, 29 

Gammarus, 192 

Garrulus, 18; glandarius, 19 

Gastomis, 167 

Gavialis, 48, 44 

Geckotidft, 40 

Geobia subterranea, 55 

Geococcyz, 36, 96 

Geodesmus, 55 

Geographical distribution, 4 

Geomalaous maculosus, 186 

Geophilus ridleyi, 191 

Geoplana, 55, 56 

G^scolex, 64 

Geoscolicidn, 58, 60, 62, 63, 181 

G^spiza, 197, 218 

Glauooniidifi, 46 

Globigerinn, 158 

Glyphidrilus, 63 
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Ooftts, Wild, BftDgB of, 21 
Goidiodriliis, 66, 69 
Oorilla, The, 11, 101 
Giaptolites, Bange of, 160 
GroBphns, 61 
Ornidn, 76 
Onmea-fowU, 29 
Gymnara, 106 

HaUomys, 188 

Halobates, 2 

Haploceros, 96 

Haploohitonide, 171 

Haploodon, 96 

HarpagomiB, 208 

Hatteria, 12, 14, 40, 201, 210, 

228 
Helioina, 179 
HeliodriluB, 68 
Helix deserioram, 144 
Heloderma, 42 
Hemichromie, 178 
Hemiphraotidifi, 48 
Henlea ventrioulosa, 7 
Hesperomys, 90, 196 
Heteralocha, 201 
Heterooephalus, 101 
Heterodon, 189 
Hippopotamus, 14, 100 
Hoplunis, 189 
Hormogaster, 63 
Hormaros, 51 
Hamming-birds, 132 
Hyaena, 91 
Hydromys, 222 
Hydrophasianns, 105 
Hydropotes, 92 
Hylobates, 104 
Hylodes, 48 
HyomoBohus, 102 



HyperiodrilnB, 68 
Hypooolius, 101 
Hypogeomys, 188 

Ibex, 24; Scarlei, 110; Spanish, 

20 
Ibexes, Distribntion of, 20 
IgoanidiB, 41 
Uyogenia, 63 
Uysiide, 46 
Indian sub-xegion, 105 
Indo-Ohinese snb-region, 106 
Ireland, Mollosoa of, 186 
Islands, Anomalous, 210; Oom- 

parison of, 205 
Isle of Man, Lepidoptera of the, 

217 
Isometms, 51 

Jays, Distribution of, 18 

Kerguelen, Fauna of, 193 
Kerria, 65, 66, 169 
Koala, 117 
Kynotus, 63, 180, 181 

LaoertidflB, 42 

Lacertilia, Distribution of^ 40 

Lagopus albus, 29; sooticus, 184 

Lagothrix, 111 

Lama, 110 

Leimaoopsis, 56 

Lemurs, 41, 100, 176; Diagram 

of range of, 123; Genera of, 

187 
Lepidosiren, 228 
Lepidoptera, Range of, 6 
Leptopoma, 179 
Leptosoma, 189 
Liopelma hoohstetteri, 48, 201 
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liiothriz, 106 

Lizard, African, in Cumberland, 
154 

Lizards, Distribution of, 40; Mo- 
nitor, 190 

Lophophorus, 89, 93 

Loris, 105 

Lozooenius, 46 

Loxops, 204 

LumbricidsB, 58, 62, 68, 169; 
European, 154; Extra-Euro- 
pean, 153 

LumbriouB, 63, 152, 228; papil- 
losus, 186 

Luseiniola, 92 

Lntroneetes, 92 

Lybiodrilus, 68 

Lycaona agestis, 186 ; Artazerzes, 
186 

Ljcaon, 102 

Lymniea involuta, 186; peregra, 
141; trunoulata, 142 

Lynx, The, and the Bear in Europe, 
155 

Mabuia punctata, 191 

Maoaous, 104 ; cynomolgns, 223 

Madagascar, Fauna of, 187 

Malayan sub-region, 106 

Mammalia, 85, 86, 87 

Mammals, Distribution of, 74; 
Past history of, 86; and Zoo- 
logical regions, 85 

Man as a distributing agent, 152 

Manatee, 2 

Manids, 32 

Manis, 33, 34, 104 

Mantchurian sub-region, 91, 92 

Mantella, 48 

Manucodia, 117 



Marsupial Mole, 117 

Marsupialia, 76 

Marsupials, 56, 114, 117, 222, 
225, 226 

Mascarene birds, 177 

Mediterranean sub-region, 91 

Megalapteryx, 202 

Megapodes, 114 

MegapodidiB, 27, 28, 30, 31 

MegapodiuSr 107 

Megasoolex, 61 ; armatus, 180, 181 

MegasooliddA, 62 

Megascolides, 60, 69 

MegatheriidiB, 33, 34 

Megatherium, 34 

Meleagridffi, 27 

Meleagris, 30 

Mesites, 101, 189 

Metatheria, 86 

Mexican sub-region. 111 

Microchifita, 63 

Microdrilus, 69 

Microglossus, 117 

Microplana, 55 

Microscolex, 60, 68, 70, 111, 169, 
170, 202 

Migration, 150, 151 

MUlsonia, 69 

Mimus trifaseiatus, 198; parvulus, 
198 

Mollusca, Characters of, 84; Dis- 
persal of; by insects, 143; Dis- 
persal of land and fresh-water, 
140; Migrations of, 142; of 
ponds, 141; and Zoological 
regions, 83 

Moniligastridn, 58 

Monitors, 42 

Monkeys, 11, 76 

Monotremata, 12, 76, 86, 113, 224 
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Mosohas, 90, 92 

Mud Fish, The, of Afrioa and 

America, 3 
Mas muBOolns, 193; rattas, 210 
MuBophagidie, 100 
Mydaas, 106 
Myogale, 91 
MyrmeoobiTUi, 117 
Mynneoophaga, 33, 34, 111 
MyrmeoophagidsD, 31 
Myro, 194 

Mystaoina tuberoalata, 200, 215 
Myzomys, 112 

Naia tripadians, 149 

Nearotio Begion, 93; sub-regions, 

96 
Nebo, 53 
Neotogale, 92 
Nematoda, 136 
Neodrilas, 65 
NeogsBa, 45 
Neosorez, 96 
Neotropioal Begion, families pe- 

ooliar to, 207 ; genera peculiar 

to, 108; Sub-regions, 110 
Nepa, 142 
Nesomys, 188 
New Guinea, the original home 

of the Cassowaries, 24 
New Zealand, Bats of, 215, 216; 

extinct birds of, 202 ; Fauna of, 

199 ; Flora of, 127 
NotogSBa, 56, 75, 76 
Notone^ta, 143 
Notornis, 201, 211 
Notykus, 68 

NoYO-Zealanian sub-region, 118 
Numida, 30 
NumididaB, 27 



Nyctereutes, 92 
Nyoticorax violaceus, 219 
Nyctiomis, 105 

Oceanic Islands and submerged 

Continents, 157 
Oceans, Permanence of, 156 
Ocnerodrilus, 70 
Ootochntus, 60, 65, 66, 169 
Ooydromus, 201 
(Eneis jutta, 16 
OligochiBta, 58 ; Dispersal of, 138, 

139; terricole, 169 
Onohidium, 3 
Onychochffita, 64 
Opisthacanthus, 53 
Opisthocentrus, 53 
Opisthodaotylus, 167 
OpisthocomidaB, 27, 76 
Opisthocomus, 11, 27, 109 
Orang, 104, 106 
Oriental Begion, Families peculiar 

to the, 103 ; genera peculiar to 

the, 103; Sub-regions, 105 
Omithogsea, 75 
Omithorhynchus, 224 
Omix devoniella, 11 
Orycteropodidte, 32, 34 
Oiycteropus, 33, 34 
Ostolffimus, 43, 44 
Ostracod, 192 
Ostrich tribe, 29 
Otidite, 75 
Ovibos, 97 
Ovis montana, 96 
Owl, The Bam, 7 

Pachyomis, 202 

PaUearctic Begion, 88, 89; Sab- 
regions, 91 
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PalsBOgsBa, 45 

PaliBoperdiz, 29 

PalflBophonuB, 50 

Palffiornis, 105 

PalsBortyx, 29 

Palamedea, 109 

PalamedeidiB, 76 

Paludina, 144 

Panthalops, 92 

Paniinis, 91 

Papuan or Aiustro-Malayan region, 

116 
Paradisea, 117 
PftretroplopuB, 178 
Parrots of the Australian region, 

115 ; Origin of, 221 
Paras ater, 184; britannieus, 184; 

palustris, 16; rosea, 184 
Passerines, 72-74 
Patula hookeri, 194 
Peacock, 29 
Pectinator, 101 
Pedetes, 102 
PediocGBtes, 97 
Pelamys, 149 
Pelomedusa,, 89 
Penguins, 166 
Pennula ecandata, 204 
Perichieta, 59, 61, 62, 169, 181; 

indid, 180 ; madagasoariensis, 

180; mauritiana, 181; robusta, 

181 
Periehntids, 61, 62 
Perionyzt 61; zanzibarious, 62 
Periophthalmus, 8 
Peripatns, 16, 26; Range of, 17 
Peristeropodes, 27, 75 
Perodioticus, 101 
Perosuchus, 48, 44 
Phcenicopha^ 85, 87 



PhasianidsB, 27 

Phasianus, 89, 93 

Pheasant, 29 

Philodiyas, 189 

PhororhaouB, 167 

Photodilus, 105 

PhyUodaotylus, 196, 197 

Phytogeography, 4 

Phytosos atriceps, 194 

Piaya, 36 

Pigeons of the Australian region, 

115 
Pipa, 48 
PipidiB, 47, 48 
Pisidium pusillum, 141 
Pithecia, 111 
Pitta, 102 
Pixys, 39 

Plagioohieta, 60, 65, 66, 169 
Planarians, Land, 53, 56 
Planorbis, 191, 192; corneus, 141; 

nautilus, 141 
Platacanthomys, 105, 106 
Platypus, 117 
Platysternidce, 38 
Pleurodira, 88 

Plumatella, Statoblasts of, 136 
Plutellus, 69 
Podoonemis, 39, 40 
Poedlophycis, 194 
Polar origin of life, Theory of, 

227 
Polydadus, 56 
Polynesian sub-region, 117 
Polyommatus dispar, 185 
PolytoreutUB, 68 
Pontodrilus, 57, 70 
Pontofloolez, 58, 64, 70; corethru- 

rus, 192 
Poospiza, 97 
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Poronpine, 91 

Potamooharas edwardsi, 188 
Potamogale, 102 
PrsBohidna braijnii, 117 
Priodon, 82 
Prooarpa, 92 
Prodaetos, 168 
ProBthemadera, 201 
Proteles, 102 
ProtopteroB, 228 
Psammomys, 91 
Pseadapteryx, 202 
Psittinas, 105 
Psophia, 109, 111, 167 
PsophiidiB, 11, 76 
PteroolidflB, 75 
Pteromys, 104 
PteropidsB, 77 
PaoraBia, 98 
Paxaa, The, 94 
Pupa, 85 
PygopodidsB, 42 
Pyrophthalma, 92 
Pythons,. 46 

Qaerquedola eatoni, 193 

Babbits in Australia, 129 

Bana esoulenta, 146; guppyi, 47, 
77; nuusoarina, 176 

Batitie, 76 

Begion, Holarotio, 78, 80; Poly- 
nesian, 77 

Begions, Arctic and Antarctic, 76 ; 
Hepetologioal, 79 ; Mr Huxley's, 
75; Mr Sclater's, 72, 78, 88; 
Use of birds for defining, 82 

Beptiles, Dispersal of, 147; of 
the Galapagos, 196; and Ocean 
barriers, 149 



Bestrioted groups, 10 
Bhaoophorus, 49, 178 ; reinwardti, 

49 
Bhea, 111; Distribution of, 19; 

Species of, 20 
Bhea americana, 19, 20; darwini, 

19, 20; maororhynoha, 19, 20 
Bhinoceros, 99 
Bhinoohetidfe, 11, 77 
Bhinodrilus, 64 
Bhynchooephalia, 12 
Bhynohodemids, 55 
Bhynohodemus, 55 
Bodents of Madagascar, 188 
Botifers, 186 

Salmo perisii, 185 

Salpinotes, 97 

Sandwich Islands, Fauna of, 203 

Schistooerca literosa, 199; melano- 

ceroa, 198 
SoinddflB, 40 
Scopus, 100 

Scorpions, Distribution of, 49 
Scotophilus tuberculatus, 200 
Sea>lions, 168 
Sea-serpent, 168 
Selasphorus rufus, 97 
Seleucides, 117 
Semnopithecus, 106 
Serolis, 172; distribution of, 175.'; 

species of, 178, 174 
Serolis carlnata, 174, 176; minuta, 

175; paradoza, 174; septem- 

carinata, 175 
Seychelles, MoUusca of, 179 
Siamanga, 104 
Siberian sub-region, 91, 92 
Siphonogaster, 63, 138 
Skunk, The, 94, 109 
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Sloths, Bange of, 31 

Snakes, Colabrine, 46; Distri- 

butibn of, 46 
Solenodon, 112 
Sonth-Afrioan sub-region, 102 
Sparganophilus, 64, 187 
Sparrow, The, in the U. S., 128 
Sphieriam laeustre, 141 
Sphargis coriaoea, 88 
Spirobolus noronhensis, 191 
Steatomis, 110 
Sterna vixgata, 193 
Stemothieras, 39 
Stringope, 201, 221 
Strix flammea, 7, 197 
Stohhnannia, 68 
Stompffia, 48 
Stomomis, 106 
Subarotio sab-region, 97 
Sub-regions, Mr MitoheU's scheme, 

122 
Suooinea, 144; Eggs of; 142 
Sus, 116 

Tnniogale, 105 
Talegalla lathami, 29 
Tamandna, 31 
Taoperdix, 29, 30 
Tapinostola bondii, 6 
Tapirs, The, of America and India, 
131; Indian, 106; Malayan, 104, 

109, 111 
Tarsius, 104, 106, 116 
Tatusia, 32 

Tazodium distiohum, 231 
Teguezin, 42 
TeiidflB, 42 
Testaoella, 145 
Testudo, 39, 214 
Tetrao urogallus, 28 



Tetraonidffi, 27, 30 

Thaumalea, 89, 93 

Thecophora, 38 

Thinocoris, 110 

Thylacine, 14, 117 

Timelia, 107 

TimeliidiB. 104 

Tinamous, 76 

Tityobuthus, 51 

Tityus, 53 

Todus, 112 

Tolypeutes, 32, 110 

Tomistoma, 43, 44 

Tortoises, Distribution of, 38; 

Giant, 213, 214 
TriohoohfBta, 64 
Trinephrus, 69 
Trionyohoidea, 38, 89 
Trionyx, 39 
TroohiUdiB, 76 
Trogons, 110 

Tropidonotus tessellatus, 149 
TropiduruB, 196 
Tubifex, 7 

Turbellaria, Triolad, 54 
Tykonus, 64 
Typl^^UB, 69 
Typhlopid89, 46 

Ungulata, 76 

Ungulates, The, 104 

Unio, Australian, 141 

Upupidffi, 75 

Urobenus, 64 

Urooissa, 106 

UropeltidflB, 46 

Urotriehus, 96 

Ursus, 22; arotos, 90, 154; ferox, 

90 
Urva, 106 
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Yolacella, 129 
Yanessa cardai, 7 
VaranicUe, 42 
VespertUionicUB, 77 
Vireo gradlirostris, 191 
YoltorioUe, 75 

West-African sub-region, 101 
Weet-Indian sub-region, 112 
Woodpecker, 32 . 



Wombats, 117 

XenicuB, 201 
Xenopeltida9, 46 
XenosauridflB, 42 
Xenurus, 32 

Zenaida maoulata, 191 
Zonites, 85 
Zoogeography, 4 
Zosterops, 129 
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Chemistry, Practical. A Course of Laboratory Work. 
By M. M. Pattison Muir, M.A., and D. J. Carnegie, M.A. 
Ss, 

Qualitative Analysis, Notes on. Concise and Explan- 
atory. By H. J. H. Fenton, M.A., F.I.C., Demonstrator of 
Chemistry in the University of Cambridge. Cr. 4to. ^ew 
Edition, 6«. 

Catalogue of Type Fossils in the Woodwardian 

Museimi, Cambridge. By H. Woods, B.A., F.G.S., of St John's 
College, with Preface by T. M'Kenny Hughes, Woodwardian 
Professor of Geology. Demy 8vo. 78, 6d. 

Fossils and Palaeontological Affinities of the Neo- 

comian Deposits of Upware and Brickhill with Plates, being 
the Sedgwick Prize Essay for the year 1879. By W. Keeping, 
M.A., F.G.S. Demy 8vo. lOs, 6d, 

The Jurassic Rocks of Cambridge, being the Sedgwick 
Prize Essay for the year 1886, by the late T. Roberts, M.A 
Demy 8vo. 3«. 6d, 

Bala Volcanic Series of Caernarvonshire and Asso- 
ciated Rocks, being the Sedgwick Prize Essay for 1888, by A. 
Harker, M.A., F.R.S., Fellow of St John's College. Demy 8vo. 
7«. 6d 

Fossil Plants as Tests of Climate, being the Sedgwick 

Prize Essay for 1892. By A. C. Seward, M.A., St John's 
College. Demy 8vo. 5«. 
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BIOLOGICAL SERIES. 

General £ditor, A. E. Shiplet, M.A., 
Fellow and Tutor of Christ's College. 

Now Ready, 

Elementazy Falaontology— InTertelirate H. Woods, B.A., F.G.S. 6«. 

ElementB of Botany ... F. Dabwin, M.A., F.B.S. 6«. 

Fractloal Phsrsiology of Plants F. Dabwin, & E. H. Aoton, M.A 68. 

Practioal HorMd Anatomy H. D. Bollbston, M.D., F.B.C.P. 

&A. A.Kanthack,M.D., M.B.C.P. 68. 

Zoogeography F. E. Bsddabd, M.A, F.B.S. 60. 

In Preparation. 

Fossil Plants A. C. Sbwabd, MA., F.G.S. 

Text-book of Pbysioal Anthropology ... A. Macalisteb, M.I>., F.B.S. 
The Vertehrate Skeleton S. H. Betnolds, M.A. 

PHYSICAL SERIES. 

General Editor, R. T. Glazebrook, M.A. F.R.S., 

Fellow of Trinity College, Cambridge, Assistant Director of the 

Cavendish Laboratory. 

Now Beady. 

Heat and Light B. T. Glazbbbook, MA., F.B.S. 58. 

„ „ in two separate parts „ „ each St. 

Hechanlos and Hydzostatlos 

Part I. Dsrflamios 

,, II. Statics 

„ III. Hydrostatics 



48. 
88. 

[In Preparation 



In Preparation. 

Bleotriolty and Kagnetlsm B. T. Glazebbook, M.A., F.B.S. 

Solntlon and Electrolysis W. C. D. Whetham, M.A. 



Now Ready, 
Elements of Petrology A. Habkbb, M.A, F.G.S. la, 6d. 



OUier volumes are in preparation and rvill he announced shortly. 
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Press Opinions, 

BIOLOGICAL SERIES. 

Elementary Palaeontology — Invertebrate. By Henry 
Woods, B.A., F.G.S. With Illustrations. Crown 8vo. 6«. 

Nature, As an introduction to the study of palasontology Mr Woods's 
book is worthy of high praise. 

Saturday Review, The book is dearly and concisely expressed; it 
conveys much information in a comparatively small compass and cannot 
fail to be most useful to the student. Not only will it give him clear ideas 
upon the subject, but with it as a guide he will find his way more easily 
about the larger works or special memoirs on PalsBontology, to the saving of 
his time and the increase of his knowledge. 

Academy, It will be distinctly useful to any student entering on the 
study of geology. 

Science and Art Journal, Geological students will find this admirable 
work on Invertebrate PalsBontology easy reading, and thoroughly up-to-date. . . . 
We consider the book a most valuable addition to our scientific literature, 
and recommend it to all who desire to acquire a sound introduction to a 
knowledge of the past life-forms of our planet. 

Practical Physiology of Plants. By F. Darwin, M.A., 
F.R.S., Fellow of Christ's College, Cambridge, and Reader in 
Botany in the University, and E. H. Acton, M.A., late 
Fellow and Lecturer of St John's College, Cambridge. With 
Illustrations. Crown 8vo. 6s. 

Nature. A volume of this kind was very much needed, and it is a 
matter for congratulation that the work has fallen into the most competent 
hands. There was nothing of the kind in English before, and the book will 

be of the greatest service to both teachers and students The thoroughly 

practical character of Messrs Darwin and Acton's book seems to us a great 
merit ; every word in it is of direct use to the experimental worker and to 
him alone. 

British Medical Journal, This book will prove a valuable one for the 

student of practical botany The instructions for the study of these and 

similar facts in the botanical laboratory are set out with great clearness, and 
the figures illustrating apparatus used and tracings obtained are extremely 
good, and will greatly help the investigator who avails himself of the 
guidance of this work. 

Glasgow Herald, Mr F. Darwin is well known as an authority on 
Botany, and the work before us will certainly prove a safe and satisfactory 
guide to the student in the botanical laboratory.... The directions for work 
are all clearly given, and for teachers possessing a laboratory a better 
students' guide to practical work in botany could not be found. 

Natural Science, The text throughout is exceedingly dear, and the 
index full and carefully compiled. 



Press Opinions. 

BIOLOGICAL SERIES. 
Practical Morbid Anatomy. By H. D. Rolleston, M.D., 
F.B.C.P., Fellow of St John's College, Cambridge, Assistant 
Physician and. Lecturer on Pathology, St George's Hospital, 
London, and A. A, Kanthack, M.D., M.R.C.P., Lecturer 
on Pathology, St Bartholomew's Hospital, London. Crown 
8vo. 6«. 

British Medical Journal. The editor of the *' Cambridge Natural Science 
Manuals " has been fortunate not only in the selection of the above-named 

subject but also in securing as authors Drs BoUeston and Kanthack 

This manual can in every sense be most highly recommended, and it should 
supply what has hitherto been a real want. 

The Medical Chronicle. "This handbook is an attempt to supply a 
practical guide to the post-mortem room," say the authors in their intro- 
duction, and any competent reader will acknowledge that they have succeeded 
in their attempt. They have not only supplied the student with a large 
amount of reliable information, but have done it in a clear and very 
readable form. 

PHYSICAL SERIES. 

Heat and Light. An Elementary Text-book, Theoretical and 
Practical, for Colleges and Schools. By B. T. Glazebrook, 
M.A., F.H.S., Assistant Director of the Cavendish Labora- 
tory, Fellow of Trinity College, Cambridge. Crown 8vo. 
5^. The two parts are also published separately. 
Heat. Ss. Light. Ss. 

Nature. Teachers who require a book on Light, suitable for the 
Class-room and Laboratory, woold do well to adopt Mr Glazebrook's work. 

Science and Art. For the practical courses on Heat and Light now 
forming such a prominent feature in the curriculum of so many of our 
schools and colleges, these books are admirably suited. 

Educational Review. Mr Glazebrook's great practical experience has 
enabled him to treat the experimental aspect of tlie subject with unusual 
power, and it is in this tiiat the great value of the book, as compared with 
most of the ordinary manuals, consists. 

Saturday Review. It is difficult to admire sufficiently the ingenuity and 
simplicity of many of the experiments without losing sight of the skill and 
judgment with which they are arranged. 

Journal of Education. We have no hesitation in recommending this 
book to the notice of teachers. 

School Guardian. It is no undue praise to say that they are worthy both 
of their author and of the house by which they are issued. 

Teachers' Aid. Text-books of which it would be almost impossible to 
speak too highly. 



Press Opinions, 

PHYSICAL SERIES. 

Mechanics and Hydrostatics. An Elementary Text-book, 
Theoretical and Practical, for Colleges and Schools. By 
R. T. Glazebrook, M:A., F.R.S., Fellow of Trinity College, 
Cambridge, Assistant Director of the Cavendish Laboratory. 

Part I. Dynamics. 48. Part. II. Statics. 3^. 

Part III. Hydrostatics. [In Preparation. 

Edttcational Review. In detail it is thoroughly sound and scientific. 
The work is the work of a teacher and a thinker, who has avoided no 
difficulty that the student ought to face, and has, at the same -time, given 
him all the assistance that he has a right to expect. We hope, in the 
interests both of experimental and mathematical science, that the sdieme of 
teaching therein described will be widdy followed. 

Scotsman. While expounding well the theory of the subject, the book is 
essentially a practical one for use in large classes in schools and colleges. 
It is simply and clearly written and has a large number of examples, experi- 
ments, and illustrative diagrams; and will be welcome to those who have to 
instruct beginners in the study of Physics. 

Educational Times, We are bound to say that the book is fuU of good 
matter, clearly expressed, set out in excellent form and good print. 

Edttcational News, We recommend the book to the attention of all 
students and teachers of this branch of physical science. 

Journal of Education. A very good book, which combines the theoretical 
and practical treatment of Mechanics very happily. 

Machinery. It is quite clear that a great deal of care has been taken in 
the arrangement of this volume, which will be found of great value to 
students generally whose initial difficulties have been carefidly considered 
and in many oases entirely overcome. 

Knowledge. We cordially commend Mr Glazebrook's volumes to the 
notice of teachers. 

Educational Times, The absurdities which infest books on Mechanics, 
even the very best, in their language involving the term " force " are 
absolutely avoided. 

Glasgow Herald. The student will also find excellent instructions for 
the working of experiments in the laboratory. 

Technical World. The apparatus used is simple and effective and well 
adapted for classwork. 
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